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CpAPTER I. 

HISTORICAL NOTICES OP TME MANUPACTuRe. 

OKir.lX or THK ART. BIUCKMAKING.—POTTKr’b WHEEL. INDIA V 

earthenwares. ROMJ?N WATER-JJIPES REMAINS O'' AH- 

I’lKNT ItmERV. HITMAN POTTERIES IN STAFFORDSJ«IR£t> 

ANTIQUITY or THE ART IN THE EAST. PORCELAIN FIRST 
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china-wares BRUCGUT by PORTUGUESE TRADERS. — 
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— HIS INVEICriONS. — CHABACTERISTICS OP TRUE FORCELAl\ 

— porcelain of DERBY. — OF CO^LPORT. OF WORCESTER.— 

Rin'UERHAM. 

The formation of d^rthen vessels capable of containing ' 
flbid substances is' an art of the very hjghest antiquity. 
!n the rudest stages of society, the want of such vessels 
would call fortli the inventive powers of mankind ; and, 
probably, tht»-bard shells of some vegetable producMona* 
such as gowds iiitfVhe larger descript'vns of nuts, would 


4 


POHCKLAIN MANUFACTXJllE. 


CHAP. I. 


be first to the purpose. The pliant and infran- 

gible nature df the skins of animals taken in th^ chase 
would^ at a very early period, point them ou^ \<i conve- 
nient redpienta foV nuids ; biit the prepdl*ation of these, 
as ivell as the fAiioning and hollowing of wooden bowls, 
supposes a previoi^s knowledge \)f some manual arts, and 
implies the possession of tools. After even these had 
been attuned, and supposing that the existence of fire, 
and itp use in preparing food, haikbecome known, vessels 
formed of wo^, or of the hides of animals, weyuld be of 
little use in rendering that kjiowledge available. Some 
savage tribes thus circumstanced, have, indeed, made 
w^ooden bowls subservitJnt to thi^ purpose, by throwing 
into the fluids which they contain, stones previously 
heated in the fire. This manner of boiling water, and 
of choking provisions, is, however, at best, but an incon- 
venienf process, and would be immediately abandoned / 
upon the discovery that certain eirthen substances were 
endowea sufficiently with the quality of resisting the 
action of fire. 

It must continue matter of donbt, whether the fashion- 
ing apd liardening of clay %vas practised first by the 
brickmaker or by the potter. W e know that bricks, 
thoroughly burned, were used at the building of tlie 
tower of Babel, !2200 years before the comuiencement 
of the Christian era, and 6’0() years prior to tlie cairyiug 
away into captivity of the Iferaelites.o That th<’ use of 
uficks, for*ll>B*l^rposes of building, must have become 
exceeding! 3 l<X)mmon at this last-mentioned period, is evi- 
c^int, from the great i?un:hers of the captive Jews wdio 
/ were compelled by their Egyptian task-masters to pro- 
secute the manufacture.* It appears that the bricks fficn 
made were not artificfall;,' burned * the chopped straw 
« which entered into their composition, and which served 
to hoU the mass together, would, in such cak, have l>ecu 
destroyed. Specimens of very ancient^ Egyptian bricks, 
which have been brought to this country, confirm the 
opposition that the heat of tlie sun was alr^ne em]i?oyed 
in baking them, c ' 



OilAP. I. HISTORXCAJL NOTICES. ^ 5 

Ma«y centuries later, the Romans conducted the ma- 
nufacture of bricks with a great degree of perfection. 
A compariso’^ of very ancient Roman ruil^s, with budd- 
ings of modem elevation, will show at opce how superior 
are the bricks employed in the former, both as regards 
solidity and beatfty. ^pecifnens of the •potter's %rt, if 
even any such existed at an equally early period, could 
not be expected ^to cdntinue in being for so many ages : 
if, indeed, they had witlutood the destroying ^nd qf 
time, and descended to the present day, tliey would^not 
bring with them any direct testimony of their date of 
production, and could throw little or no light upon the 
qu^tion of priority. ^It is certain* however, that, in 
very remote ages, the potter's art had attained to a con- 
siderable degree of usefulness, since the earliest authentic 
records allude to the potter's wl^l as to an implement 
of then high antiquity. ^ 

'fhe same “wants w^uld arise in different portions of 
the globe ; and in all cases, whetjj similar means for their 
gratification presented themselves, *ii is not surprising 
that these means should he eqiyilly embraced by all. 
fVccordingly, it has been found, in newly discovexed 
countries, anti among people comparativel 3 ’ rude and un- 
acquainted with most of the ip*ts which conduce to hu- 
man convenience, that the use of earthen vessels has 
been enjo)fced for ages before {lie existence of ^the people 
was even surmised. .Afnaong other proofs of this fact, it 
1 inay be mentiorftjd, that vases havcjjeeh fqtirfd amonff 
aVifiginal Indians on the Masquito f»»ore, wliich, 
even py those people, w^ere prCvSerji^ed as memorials of 
antiquity. There is no reason to doubt that these vessels 
wfl’C the manufacture ofjthe country in whirfi they were 
found, as the Amahis of ancient potteries have been dig- 
covert at a considerable distance up the Black River 6n 
■ that coast. 

There would be little advantage in entering upon an 
investigation to determine the precise degree of antiquity 
of the potter's ar4, if even there existed any sufficient 
guides to direct us in the enquiry. It will I5h more^pro- 

• 43 
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fitable at once to forego all fanciful speculations^ and to 
commence the ^relation of a few facts^ and such only as 
bear the stamp of authenticity. The detail of these need 
not occupy much time or space, which'may he more ad- 
vantageously devoted to descriptions of the art as it ex- 
ists in the present day, than to the building up of theories^ 
the truth of which can never be demonstrated. 

We learn, on the authority of Vitruvius, who wrote 
in theri\ugust%n age, that the Romans then made their 
'wator-pipes of potter’s clay- This people, who intro- 
duced a knowledge of the useful arts practised by them- 
selves wherever their conquests were extended, established 
potteries in England, where, among other articles, similar 
water-pipes were made- Some of these, about a century 
pgo, were dug up in Hyde Park. They were found to be 
two inchfs in thickness^ and were lirmly jointed together 
Tvith cq^nmon mortar mixed with oil. 

It ha^ l>een asserted that the ancient Britons wTre i*" 
the practice of making jwttery before the invasion of tliis 
comitry by the Konians ; and in support of this belief is 
brought the fact, that urns of earthenware have been 
taken from harrows in different p§rts of the kingdom. 
On the other hand, the concurring testimony of various 
writers gives reason for . supposing that our ancestors 
were in those days supplied with such articles by the 
Venetians, c Vestiges of considerable Ronvau potteries 
are discernible many parts of the island, ^^nd particu- 
larly in Sta?[brdshiw3, on the site of the great ij^tteries 
which have so long been carried on in tliat count) 1.* 
sinking pits for variwis purposes, remains of Fomaii 
potteries have occasic^ally been discovered there at a 
considerable deptjh below the si^j^face. 

..Governor Pownall relates, thgt in his time (177b) 
the men employed in fishing at the b^ck of the Margate 
SanSs, in the Queen's Channel, frequently drew up in 
their nets some coarse and rudely fonned earthen vessels. 
Aid that it was common to find such pans in the cottages 
of these fishermen. It was for some time believed, that 
a Roman trading vessel, freighted with pottery, had been 
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wreclwd here ; but on more particularly examimng the 
spot, called by the fishermen Pudding-pan Sand, some 
Konian bricks were also discovered, ceminted together, 
so as to prove thdt ^hey had formed part of some build<* 
ing. Further researches showed that, inFtolemy's second 
book of Qeography, ai} island was designated as eadsting 
in the immeiUate vicinity. Such pans as were recovered 
in a sound state^were of coarse materials and rude work- 
manship — many having^ very neatly impressed upon 
them the name of Attilianus ; but fragixfents oPls finer 
and more fragile description* of pottery were likewise 
brought to the surface ; and little doubt remains that/ 
during the time of the Roman ascendency in England, 
a pottery was established here upon an island which has 
long since disappeared, and that the person whose name 
has been thus singularly preserved was engaged in itd 
management. * 

^ The high*antiquity^of the art in Cliina, and !he pro- 
ficiency which had been acquired in its pursuit* several 
centuries before the produce of theif jnanufactories found 
its way to Europe, wi^ be shovyi in a future chapiter. 
•Porcelain of superior quality was likewise made in J8j)an 
at an equally early period ; and we learn from Proper- 
tius, that at a very remote date, the art was commonly 
practised in Persia, the vessels manufactured there 
joining ta all the excellenciesf possessed by the porcelain 
of China, the quality resisting the action of fire to a 
degree which fitted them for being used in*tke prepai-* 
food. ^ •c 

« Most authors who have notice in any way the state 
of commerce among the ancients* have referred to tlie 
Wwa Murrhina parti^larly described by JPliny ♦, and 
mentioned by*varB 0 us Greek and Rontan authors. The 
general opinion was long in favour of theses vases havjfhg 
been the true porcelain of CTiina. Tliis opinion, has, 
however, been examined with considerable industry and 
erudition by M. Tabb^ le Bland *und M. Larcher, in two 
dissertations t, whereby it is rendered evident that the 

• Nat. ilut lih, xxxvit f de Litt^rstf tome xUU. 

. B 4 
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Vasa Murrhina were formed out of a transparent stone 
dug from die earth in some of the eastern provinces of 
Asia.* ^ * 

There is abundant evidence^to shew^at Oriental por- 
celain was not uncommon in Europe during the iirst 
century. The peces of this *manujPactufe which, accord- 
ing to. Eliny, were first seen in Rome, were brought 
there from Pontus in Asia, by the army of Pompey, 64 
years ^fore Christ. • 

l^ittle figures covered with a fine deep-blue glaze, 
which are found deposited with Egyptian mummies, 
bause it to appear that porcelain was made in Egy])t in 
very ancient times. “It is^ curioi^s fact, that the colour- 
ing matter wherewith these figures are ornamented, and 
which has been subjected to various chemical tests, 
affords every indicatioi^ of its being oxide of cobalt, the 
identical substance employecl for the same purpose by 
the European porcelain manufacturers of bur day, buf 
the use 'of which was pnknown to us until a compa- 
ratively recent peri<?^. The ore of cobalt was formerly 
thrown aside by the miners of Saxony as useless, or was 
employed only in mending roads.t 

The Portugmese traders were the means of introduc- 
ing the fine eprthen waies of China into more general 
use in Europe ; and the name assigned to the fabric, as 
distinguishing it from the coarser descriptions of pottery 
of domestic manufacture, was n^t probably given by 

% V 11 ' • 

• Robertson's pisquis. Cjnceming India, second edit. p. .TS?. 

f •* i^bout tbc4^J of the fiCtccntli Cfntury, cobalt to h.ivp lit* an 

up in great quantity, in the loines on the bonlen of Saxony and liohcia.a. 
A« it waa not known at hrrt to what puq^c it could be applied^ it waa 
thrown aside aa a ueeleu minerU. The minen had lui aversion to it, not 
only because it gave them muc'i Iroitlefts labour, but because it ollcn pr<ttv'xl 
prejudicial to thdir health, by the arsenical Mrtu-lt'n with which it was com- 
bined ; and it appears even that the niineralogunl nai,.ic cobalt then first 
took its rise. 1‘nsch derives it from the Bohemian word Xaw, which sig- 
ning s metal \ but the conjecture that it was formed from cobalm^ which 
was the ijaroe ora spirit that, according to the suiKTstitinus notions of the 
times, haunted mines, destroyed the labours of the miners, and often gave 
them a great deal of unnecessary trouble, is more probable. The miners 
perhaps gave this name to the mineral outrof joke, because it thwarted 
them as much aTthe supposed Wpirit, by exciting false ho|)es and rendering 
thiir labour often fruitless. It was once customary to introduce into the 
church service a prayer, that God would preserve Atiners add their works 
ft-om KoMU anfj spirits. ’’—ifccAwionw, UuU qjf iMventtontt voL il. pp. 
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them— signifying, in the Portuguese language, 
a cup. It has been attempted to prove a different 
origin for the name — attributing this to thb resemblance 
which the glazing^]; varniih, and probably the colours, 
of porcelain bear to. the shells used in sdme parts of the 
East instead of inoney^(coui4es), and wlj^ich, from the 
similarity of their shape to that of the back of a little 
pig, were also called pohjeOa. 

The possession of pord^iin vessels afforded but little 
insight into the nature of their compositiorl or thcT mode" 
.of tlieir manufacture, as to which many unfounded 
theories were from time to time proposed. It was long ^ 
believed, on the authority of Cardan and the elder 
Scaliger — who, although violently opposed to each other 
on various and more important subjects, yet agreed in 
tills — that' porcelain was made from a mixture of broken * 
egg and sea shells, which were preparatively 1/Uried in 
t^e earth for dearly a Iviundred years. • 

It was not until the beginning of the 18th century 
that any light w^as thrown upon tbe^subject. At that 
time, the Jesuit, Francis Xavier d^Entrecolles, who i^as 
Tffsiding as a missionary in China, contrived to elude 
the jealous vigilancd so generally practised towards 
strangers in that country ; and- not only obtained spe- 
cimens of the earths used in \he composition of their 
porcelain, Jiut also acquired some knowledge of ‘the 
processes employed in manufacture at King-te-ching. 
•A .very circumstantial listter was written ^y the learned, 
^gjjicr 0*1 die subject, and published by ^rosier in his 
general description of China : but owing to a want of 
practical knowledge on the part df D'Entrecolles, his 
dcjferiptions proved so (Jefective id many i>articulars, as 
to afford little *or no assistance; besides which, it was 
not until some time after the publication ^ his let^ 
Aliat any substances similar to die earths transmitted by 
him could be discovered in France. 

. About die same time, and wlrile the acquisition of 
these Chinese spacimens was exciting the celebrated 
Reaumur to their examination, and to the institution of 
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a series of experiments which will be hereaft«y men-, 
tioned, an incidental discovery made by the baron de 
fiotticher^ a €rerman alchemist^ occasioned the establish- 
ment of the porcelain mani^facture in Saxony. While 
prosecuting hiS vain experiments, in search of the 
philosopher's ftone, tliis man prepared some crucibles^ 
which he observed were caused by the action of heat to 
Assume all the characteristics of Oriental porcelain. 
Blinded by the avarice whicli prompted their visionary 
labours, the Adepts of that day seem generally to have 
turned away from the important discoveries tliat courted . 

• their notice, and which were thus reserved to reward the 
patient investigations of more philosophic minds in Ihter 
times. From this reproach De'Botticher is free. The 
importance of the real discovery thus made was suf. 

*iiciently apparent^ and he had tlie wisdopi to abandon 
immediately lus former pursuit^ and to give up the 
energifs of his mind to the egtablishmcnt of a*ma- 
nufactm-e, which was, in the end, productive of more 
beneficial results himself and to his country, than if 
he*had indeed been successful in his alchemical labours. 
The world at large did not immediately reap the full 

• behefit of this discovery, as, with a^jealousy but too com- 
mon, the processes used in the Dresden works were veiled 
in impenetrable secresy. * Up to the period of De Bot- 
ticber’s death, in 1719, ordy white porcelain made in 
Saxony; ^et the success with wl^ch this maftufacture was 

•accompanied, occasioned attempts at imitatihn in Fran$;e;» 
and porcelain vfoAs were esfablished^at St. Clhud, ^nd 
in the Fauxbourg St. Antoine at Paris — the fabrics jvoi 
duced in which, altlfough of beautiful external appear* 
ance, were. wanting Iti most of^the qualities essentia to 
good porcelain. • * • • 

\ The inv^tigations of Reauiftur, already alluded to, 

V were undenaken with more ration^! views, and pro-^ 
secuted with a more liberal feeling. The result of hia 
researches was communicated hyliim to the Academy of 
Sciences, and published by that body^n 17 and 17^9* 
Having pipeured specimens of Oriental^ Saxon, and 
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French' ^jorcelains, and broken them, he proceeded to 
examine their internal structurefe' The grain in both the 
Chinese and Saxon pieces ap|)eared compact, smooth, and 
shining; while thaJof the French ware was less close and 
fine without lustre, and its grain resembled sugar. He 
next proceeded to ascert^n their habitudi^s on exposure 
to great heat in a crucible, and reported, that the 
European specinjens were melted, while that of China* 
remained unaltered. This most essential difierence led 
Reaumur to discover the true nature of porcelain,‘\hich" 
. is a semi-vitrified compound, in which one portion re- 
maina infusible at the greatest heat to which it can be 
exposed, while the other portion vitrifies at that heat, 
and enveloping the infusible part, produces that smooth, 
compact, and shining texture, as well as transparency, 
which are distinctive of t|;ue porcelain. Macquer, in his 
b Chemical Dictionary, asserts, that Reaumur w5s wrong 
i(j classing the Saxon manufacture with the other^usible 
porcelains of European productioil ; since the niaterials 
of which it is composed have alwajfs been similar to 
those of which the Cl^na ware ^is made, one portion 
being absolutely infusible during the baking. 

In his examination of the two porcelain earths 
received from China, wliich are called in that country 
pe-tun-tse and kao-lin, Reaumur made a small cake of 
each siibst''.nce, separately, anu exposed both to the heat 
of a porcelain furnace. ^ One, the pe-tun-tse,^was fused 
^•by this means, ithout any addition : .while the other^^ 
gave no « sign of fusion. He ne'.:t intimately 
compounded the two earths, and found, when the mixture 
was baked, that it had acquired ad the qualities of the 
finest C'hinese ware. , * 

All that was^ then wanting for the perfect imitation of 
this admired production was the discovery of materiel^ 
ianalogous to the s'peciraen furnished by D^EntrecoUes. 
The search for these was very speedily successful ; and 
the manufacture of porcelain having, from this tim^ 
been taken^ under.> the royal patronage in France, the 
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works of Sevres produced specimens of art which vied 
successfully wdth those of Dresden and China. 

Mr. Jonas Han way, iw the account of his travels 
published in 1753, has given a detailed account of the 
immense collection of porcelain deposited in the Chinese 
palace at Dresden. * , 

“ The vaults of this palace,” says Mr. Hanway, ** con- 
sist of fourteen apartments filled wjth Chinese and 
Presden porcelain. One would imagine there was suf- 
fici^ent\o stoefe a whole country ; and yet diey say, with 
an air of importance, tlfat a hundred thousand pieces . 
^more are wanted to complete the intention of furnishing 
tliis single palace. * ^ 

Here are a great number of porcelain figures of 
wolves, bears, leopards, ^c. — ^ some. of them as big as tlie 
life — a prodigious vai;^ety of birds, and a curious collec- 
tion of Afferent flowers. A clock is preparing for the 
gallery, whose bells are to be alsc of porcelain : I heaijd 
one of ^ them proved, /ind think they are sufficient to 
form any music ; Hit the hammers must Ik‘ of wood. 

Here arc forty, eight lar,ge (Uiina vases, which 
appear to- be of no use, nor an^ way extraordinar)^, 
except for thejjr great size ; and yet his Polish majesty 
purchased them of the late king of Prussia at the price 
of a w^hole regiment of dragoons.” 

One part of tliis collection must have been peculiarly 
interesting^ as it exhibited, in i»’i ordeily arrangement, 
•^ipecimerrs Vif D'rcs^len manufacture laid up%y this king • 
of Poland, from the flrst efterts of Do HotticherAhrou^lj 
every subsequent gradation ; an idea,” says Mr., Parke, 
tiuly pliiloBophicar, and which reflects more honour 
on his memory than the hartcijing aw ay the libertidfe* of 
his subjects for pieces of foreign porcelaiii.” 

Frederick the Great, when ne conquered Saxony, 
forcibly carried away several of the best workmen from 
j |||0 manufactory at Meissen, near Dresden, and con- 
yeyed them to Berlin? where, since that time, a con- 
siderable quantity of very good porcebin has been made 
for private advantage of the monarch. As many as 
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500 in^> are constantly employed in this establishment ; 
but although much of their material is^ drawn from 
Saxony, the Prussian porcekin has never equalled in 
quality that of Dr^den. • ^ 

It is generally believed, that since the time when 
they were first dbtablished *by the RoiAans, pofteries 
have always existed in StafiPordshire, but it is certain^ 
that until the beginning of the eighteenth century the 
manufacture was confined* to a few objects of th^com^ 
monest and ctmrsest description. • 

The district in this county* wherein the great bulk ^ 
of {Inglish manufactured earthenware is produced, is 
situated about a mile /rom the bofders of Cheshire. 
The potteries commence at a village called Golden Hill, 
and extend for a distance of more than seven miles, ^ 
passing through other towns and#villages to Lape End. 

* The .names of the places comprised in this distrjet, in- 
termediate between the two already mentioned, are 
Newfield, Smithfield, Tunstall, Longport, Burslem, 
Cobridge, Etruria, Hanley, Shelton, Stoke, Lower Lane, 
and Lower Delf. All these have •formerly been sufe* 
cfcntly distinct from ^ach otlier ; but the increase of tjie 
staple manufacture of the district has galled for the 
erection of so many new potte^bs and dwelling-houses, 
that their individuality has bqpn lost, and to a stranger 
tlie whole ^ir^sents very much the appearai^^ of one 
^ large town. ^In' every fart of the kingdom, except the 
•dimrict itself, the* whole are ranked ^flefer ohe* general* 
rcrtfHe — ^•that of the Potteries. Etcuria i^ the creation 
of flic celebrated Josiah Wedgwood^, by whom ‘the place 
was thus named after one of the^ncient Italian states, 
celebrated for the tastefifl forms it gave to fts pottery, 
specimens of vWiiclf h^ve materially promoted the im- , 
provement of our ipodern English waies. * • 

• In tlie year 1 ()86', when Dr. Plot published a Natural 
History of Staffordshir^i, its traffic in earthenware was 
very unimportant^being carried on only by the workmei^ 
themselves,* or by pedlars, who conveyed the pieces in 
baskets on tHeir backs tlirough the adjoining; counties. 
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About the time just mentioned {I 69 O), two •bi*others, 
named Eler% came from Nuremberg, in Holland, and 
settled at Bradwell, where* they made an improved kind 
of red ware, anjJ introduced the artrot* glazing the vessels 
by throwing common salt into the oven at a certain 
peridd of the*^ baking.* Every ^recaiition was used by 
*the brothers to keep their processes secret; and it is 
probable that this circumstance, joined to the success of 

• the strangers^ excited the enmity and jealousy of their 
neighbours to the degree which obliged nhera to leave 

, the country. The pretext assigned for this persecution* 
was the alarm occasioned by the fumes from their (cilns 
during the time *of glazing. , These fears subsided, 
however, when the process was continued by their suc- 
^ cessor. This man, whose name was Astbury, had, it is 
said, b(^me master of their secrets by a* singular stra- 
tagen^ Feigning to be of weak intellect^ and assuming 
an appropriate vacuity of countenance, he obtained eir- 
ploymcnt in the Brad well works, and submitted to all 
th^ drudgery and contumely which were drawn upon 
him by his supposed imbecility. By this course of 
proceeding, he was enabled, unsuspected, to acquire a 
knowledge of that was done in the manufactory, and 

to make models for his'pwn use of all the utensils. 

The advantages of tiys method of glazing with salt 
were so apparent, that in a short time it was* very gene- 
rally adopted ^ and on Saturday, tlie clay^ appropriated 
•^to this pr6cess> tt»e thick fumes from nearly sixty pot- 
teries filled "the towns to a degree which darkened* Ae 
atmosphere, and cqyered the hills of the surr^unoing 
districLt ^ 

To Astbury is generally ascribed the introductidlS of 
white stone-ware, by the adoption ‘of calcined flints in 
its composition. The popular version of the origin of 
this improvement states, tliat while travelhiig to 
London on horsebadL in the ^gear 1720, Astbury had 

* ^ The salt is decomposed by this means ; and, rising in ftimcs, the alkali 
which it contains combines with the silica of Uie ware, forms a true 
glass which cr^vers the entire surface. 

i J^arke, Chem. Cat. p.ia;. 
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occasion* •tA Ihin6tab1e> to seek a remedy for a disorder 
in his horse's eyes ; when the ostler at the i|^n, by bum* 
ing a flint, reduced it to a firfe powder, whic^ he blew 
into them. The ,^tter, observing the Jieautiful white 
colour of . the flint after calcination, instantly conceived 
the use to which if might be applied in hh art»'** • 

The merit of this man has b^n somewhat overlooked, . 
while contemplating the greater claims to admiration 
possessed by his more phildksophic successor ^in the jpurse • 
of improvemeftt. That could have been no comm^ 
mind, however, which led Astbury to the long-continued ^ 
pursuit of his object, by means so humiliating ; and 
which also enabled him^^ on the occasfon just related, to 
seize upon a fact thus accidentally presmted, and which, 
although of high importance to his art, might have ^ 
passed unheeded before* the eyes ^f many a c(jpmon* 
place jnanufacturer. ^ 

•The step thus made was of consequence in pr^aring 
the way for the far greater advanpes towards per^tion, 
afterwards accomplished by Mr. Josiab 'Wedgwood. 
This extraordinary man owed none^f his success to foT« 
tmtous circumstances^ Devoting his mind to patiept 
investigations, and sparing neitlier pains por expense in 
accomplishing his aims, he gatl^ed round him talented 
artists from different countries, ^nd drew upon the stores 
of science fbr^aid in pursuing •the objects of praise- 
worthy amlption. Th# early and si^al prosperity 
•whereby his efficTrts were attended, ^Crved bnly as a* 
mjfive urging him forward to new oxcrtioift, and as the 
meins for calling forth and encouraging talents in others, 
in a manner calculated to promqjte the welfare of his 
coufftry. Previously to4iis time, the gotterfes of Staf- 
fordshire prod3ced*onJy inferior fabrics, flimsy as to , 
their materials, an^ void of taste in their* forms ami 
brnaments — the best among them being only wretched 
imitations of the grotesque and unmeaning scenes and 
figures portrayed on the porcelain* of China. But suclv 
have been the effects resulting from the exertions and 

• Parke. Chem, Cat. P.12& * 
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example of this one manufacturer^ that the vrBXfA of that 
district are ;now not only brought into general use in 
this country^ to the exclusion of all foreign goods^ which 
had before been largely imported,^ Hut English pottery 
has since been souglit for and celebrated throughout the 
civilised worM, and adopted tv£n itF places i^ere the 
art was previously prosecuted. An intelligent foreigner, 
M. Faujas de Saint Fond, writing on this subject, 

, says,^'* its excellent workmanship, its solidity, the ad- 
vantage which it ]M)sse8ses of sustaining the action of 
fire, its line glaze impedetrable to acids, the beauty and 
convenience of its form, and the cheapness of its price, 
have given rise to commerce so active and so universal, 
tliat in travelling from Paris to Petersburgh, from Am- 
sterdam to the furthest partof Sweden, and from Dunkirk 
to the extremity of the south of France,, one is served 
at every inn upon English ware. Spain, Portugal, and ^ 
Italy, are supplied with it ; and vessels are loaded wijLh 
it for the East Indies, the West Indies, and the con- 
tinent of Americav** * 

It is not among tbe least of ,Mr. Wedgwood's merits, 
that he overcame the disadvantages of a defective edu- 
cation ; and, ^mid the calls of an incessantly active life, 
found time wherein to* school his mind in all the disci- 
pline necessary for investigations purely scientific. The 
am*ple fortune wliich he. acquired was eves ready for^« 
promoting the spread of knor lodge, encouraging the 
^efforts Of ^enifia*, and lessening, as far as possible, 4he 
sufferings o^his fellow creatures. His charitii^s, public 
and private, and especially in his own district, ^ere ex- 
emplary and consister.t. He gave life to many objects 
of public ^utility. The Treru, and Mersey canal^* »vas 
undertaken and accomplished throu^ his influence; and 
by the ben«fits it has produced to the district, and to its 
proprietors, has fully approved his wisdom in its pro^ 
motion. 

^ The principal invehtions of i#r. Wedgwood were — 
1* His table ware ^ the merits of wkich arc, that it has 
* Travels Si England and Scotland (English translation), voL I p. 97. 
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a den^ and durable body^ and is covered with a brilliant 
glaze^ capable of bearing uninjured sudden and great 
vicissitudes of heat and cpld. This v^are^ us it was 
capable of l^eing ^anufactored with ease and expedition^ 
could be sold at ^*cheap rate^ and w«uld still yield a 
handsome profit, to the inventor. Its ^pious qualities^ 
so superior to any possessed by previous manufactures 
of either domestic or foreign production, caused thfti 
ware to be takdti into immediate and universal favour 
with the public. Among others, the <fuecn l^toweU 
upon it the tribute of her silmiration and patronage ; 
commanded it to be called queen s ware-^a, name whiclP 
it continues to bear to the present, day ; and honoured 
Mr. \redgwood by appointing him/her majesty’s potter. 

2. A terra cotta j which could be made to resemble 
porphyry, granite, E^q^tian pebble, and other beautiful 
stones of the silicioiis or crystalltne order. • 

.*». or black ware. This was a blAck por- 

^‘elainous biscuit, having nearly the same properties with 
the natural stone. It would toit« sparks when struck 
with steel ; was capable of taking a Rigli polish; resisted 
^cids; and would bear,Vithout injury, a stronger degree 
of heat than even tke natural basal tes. • 

4. m^ite porcelain biscuit. This wait; had a smooth, 

wax-like appearance, and was* i>ossessed of all the pro- 
perties exliibited by tlic preteding invention, differing 
from it oifly*in regard its colour. • 

5. liamkoo, qr cane-coloured porcelain bigeyit, of thf 

* ahtne nature as the preceding. • , 

Jasper. This was also a white porcelainous bis- 
cuit, df exquisite delicacy and beauty, having in general 
ay the properties of the basal tes/» with this ^n adtiition, 
— -that it wouiy receive ffirough its wliole substance, from 
the admixture of meialUc oxides, the same colours fls 
those oxides communicate to glass or enamel in fusfon. 

* This peculiar property, which it shares with no other 
porcelain or earthenwmre body o£ either ancient or mo- 
dem composition, renders it apjdicable in a very pleasiifg 
manner to*t]rc production of cameos, portlets, and all 
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subjects that require to be shown in bas-relief; since the 
ground can be made of any colou|^ that may be preferred; 
while the raised figures are of the purest white. 

7* A porcelain biscuit^ possessing ^^everal properties 
that render it invaluable to the chenliist^ and which have 
occasioned this invention to Jbe brougtit into general use 
in all laboratories. The ware is eKceedingly hard, being 
little inferior in this respect to agate, whence it is pecu- 
liarly adapted for forming mortars. It resists the action 
of the 'ntrongect acids and of all corrosive substances, 
and*' has the further quality of being perfectly inipeiie- 
Vrable by any known liquid. 

The investigations of Reaumur, already defailed, 
make it evident that the characteri^stics of porcelain, as far 
as tliey depend uj>on semi- vitrification, may be obtained 
-Ivhen ingredients wholly fusible sire employed, provided 
the fire be carefully Withdrawn from the oven at the 
precise %»oment when vitrification has avived at, and 
not proi^eded beyond, a certain point. Accordingly, 
this porcelain was, al one time, very commonly produccil 
both in this and other countries, 'fhe quality of goods 
thus composed is always inferioV to that of true porce- 
laiit; and, if further or again cxposiul to the heat of the 
furnace, the substance wpuld entirely change its nature, 
and run into a vitreous ahd shapeless mass. 

Porcelain of this description, much esteemed for its 
beauty, wafe long manufacturcvl^at How and at Chelsea. 
Tt was not imKl, the year I7b’B, that JVlr. -Cookworthy 
discovered cenaiii mineral substances in C’ornwall simifar 
in their properties *d the porcelain earths of China; find 
having secured to hir’iself, by patent, the exclusive right 
of using those materials, was the first person who 
true porcelain in* England. * * , 

In practi,sing this art, Mr. (-ookworthy, and those to 
wiiom he afterwards assigned his patent right, attained 
to considerable success as regarded the quality of their 
manufactures, although the demknd for their goods did 
hot prove proportionate to the myiiey expended in 
bringing l>^ie processes to perfection. One probable 
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cause /or the inadequacy of their remuneration^ existed 
in the Successful eiForts/of Mr. Wedgwood, which hi|TC 
been already detailed, for iinproving the quality of com- 
mon earthenwares made ii^ Staffordshire, whereby foreign 
porcelain was rendeired less an object oT desire, and con- 
sequently its suqpessful imitation was oo longer* consi- 
dered as being of any great importance. ^ 

The extent to which,' in the year 1785, this manufac- « 
turc had arrived^ and its.importance to the three gres^ 
interests of the country — landed, maritime, and c&nijer- 
cial — may be collected from the evidence then given by 

* Mr. Wedgwood before a committee of the privy council, 
and at the bars of the two houses of parliament. The 
question at that time udder the consideration of the legis- 
lature, and upon which these examinations were taken, 
arose out of the prftpq^al of government to abolish the 
system of coramtTcial restrictions and disabilities then 

• existing between Great Britain and Ireland, tnd to 

ptnder the intercourse between the two division^ of the 
empire nearly as free and unre?tricf^Hi as that between 
the counties of Durham and Northumberland ; a pro- 
fjosition so perfectly natural and reasonable in itself, 
that, but for the possession of records wherein they have 
been preserved, we might really, be at a loss to conjec- 
ture the nature of tlie argumenfk whereby it was opposed 
and defeated. • 

In the cSunse of the ihscussions to which tlTis subject' 
^gave rise in tlie hpuse oi lords, the marques* of Bans-* 
^oWnc, remarking ujum the evidenc? givfin by the re- 
hpectablc^ merchaiffs and manufacturers at the bar of 
tlie*lioifte, declared that the results to which he in his 
own niind had arrived was the '^ry opposite to the 
coiivfcfion whiej^ th^y hall adopted. ‘^Though much 
valuable information may,” said his lordshipj^ doubt^*^ 
less, be derived from their evidence, it must not be for- 
glbtten that they are men peculiarly subject to prejudice 
and error, in ail cases wiiere their 4 )ersonal interests are 
concerned. M^ere any one, for instance, to ask a manu- 
facturer of Halifax, what is the greatest crine upon 
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eartli ? Is it felony, is it murder, is it parricide ? No ! 
he would answer ; it is none of these — it is the 
porting of wool." 

In later times, we have seen tliis ipeasure of justice 
and sound poUc?/ more successfully brought forward ; 
and it«is ackno)iv lodged tliat«eacli country has since been 
reaping benefits in consequence, upon the inevitable ar- 
rival of wliich nothing but the strongest commercial 
prejudices and national jealousy couW have thrown 
even a tnomentary doubt. 

Mr. M'^etlgw’ood, in tlve course of the ‘evidence al- 
'"ready alluded to, thus remarks : — Though the manu- 
facturing part alone. in the Potteries, and llieir immedjatt* 
vicinity, gives bread to 15 or 20,000 people, yet tliis is 
but a small object when compared with the many otlicrs 
' which depend on it ; namely, 1st, The immense (juan- 
tity of Inland carriage it creates throughout the king- 
dom, both for its raw materials and finished goods. 
2d, Tli© great number of people employed in the ex • 
tensive collieries for its use. Od, The still greater 
number employed m raising and preparing its raw ma- 
terials ill several distant parts of England, from neai 
the Land's End, in Cornwall — ^^oiie way along diV- 
ferent parts of the coast, to Falmouth, Tcignmouth, 
Exeter, Pool, Gravesend, and the Norfolk coast ; the 
other way to Biddefordy AVales, and the Irish coast, 
■4tli, The voasting vesbcls,’ which, after liavvng been em- 
oployed fsA thp proper season in tlic NcwfouiWland fisJiery, 
carry these juatefials coastwise to Liverpool and Hull,' 
to the amount of more than 20,000' tons yearly ; ami 
at times when, without lliis employment, they would ht 
laid up idjp in harbour. 5th, The furtlier convevauce 
of these materirls from tliosc* ports, by river anti 'canal 
'navigation^ to the Potteries, situated in one of the most 
inland parts of tliis kingdom ; and, 6‘th, The rc-coii> 
veyance of the finished goods to the tUfferent parts 
this island, where they are shipped for every foreign 
‘ market that is open to the earthenwares of England." 

Mr. Wedgwood very justly observed 'further, that 
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this iijanufactiire is attended with some circumstances 
of advantage which arc almost peculiar^ to itself ; viz. 
that the value of tlie finished goods consists almost 
wholly in the l^o^ur bestowed upon them ; that every 
ton of raw materkls produces severaf tons of merclian. 
disc for shipping, th^ freight being pakl, not upon the 
weight, hut according to the bulk ; that scarcely a 
vessel leaves any of our ports whose lading is not in • 
part made up of these cheap, bulky, and, for thqpe 
reasons, valuable articles, to this inaritinfe county and 
that fully five parts in six of the aggregate manufactures 
of t}]c Potteries are exported to foreign markets. * 
•Important as were the advances which at that time 
liad been made in the art, Mr. Wedgwood was still of 
opinion that they could be considered but as the be- 
ginning of vnprovcrntnts, — - thjt these were still but in 
their infancy, and but of little moment when compared 
wifli those tt) v;hich .the art was capable of iltaining, 
through the continued industry and growing intelligence 
of the manufacturers, in combination with and fostered 
by the natural facilities and political advantages* en- 
•joyed by the country ; an opinion fully borne out by 
the event, and whifh our progressive experience snows 
to have been founded on clear and accurate perceptions. 

The manufacture of earthenwares in England is far 
from being restricted to life district in Staffordshire 
which has*been desciibed already as havilig acquired 
name*of the PotterievS." ^E^aWiahments far 
making the com^noner kinds of w^es arc»to be found in 
laany and various parts of the kingdom ; at Laml)eth, 
especially, several manufactories "of stone pottery have 
kwu carried on for (;onsiderabfy more tlian a century, 
producing article* which have never lieen surpassed in 
any country, either f^r the excellence of tbeir materials 
, and workmanship* or for tlie magnitude of the vessels 
and the variety of uses to which they are adapted. 
The Lambeth ware nfay, in fact, be pronounced perfect * 
of its kind» , 

PorcelaiiRhas long been maile atl^erby, tnd at Coal- 
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port, near Colebrook Dale, in Shropshire. Establish* 
ments have subsequently risen in the city of ‘Wor- 
cester, wherein very beautiful specimens are produced ; 
and yet more recently, the u>anufactnre of excellent 
porcelain has been engrafted upon ^ long-establishetl 
pottery. for commoner wares/ situated at Swinton, near 
Rotherham, in Yorkshire. At the Rockingham works, 

I Avhich have been so named in compliment to their 
early patron, the celebrated marquess oT Rockingham, 
porcelaih is now produced which vies successfully in 
every kind of excellence *.with that of older English 
6stablishmcnts. Among many other specimens which 
attest the proficiency of the Yorkshire manufacturers, 
two may be more particularly mentioned, which are de- 
serving of more than common attention as denoting the 
hegree of advancement to which the art has reached in 
Kngland.^ 

One id these pieces is a copy in enamel colours, matle 
on a portclain tablet, from an original painting by Van-** 
dyke, and now in the possession of the noble inhabitant 
of Wentworth C’astle. ^ The subject of the picture is, 

The earl of Straflfbrcl occupied In dictating his defence, 
to his secretary.'' The execution of this copy does 
justice to the iliasterly priginal ; and, in regard to ex- 
pression and colouring, has been pronounced equal to 
the most admired productions of the Sevres works. 
The other specimen is remarkably not only iW elegance 
qf design^ ami <Jj,e goodness of the workmanship, but 
also because jt is believed to be tlie largest piece of 
porcelain that has hitherto been made in this country. 
It is a .scenUjar, forty-four inches high, made and fired 
in one entirp piece. The base, or plinth, is triangu|^v, 
having a circulars projection at each /inglp ; from these 
‘ rbe lions' paws, upon which the globular liody of tlie 
jar is supported. The scent is allowed to escape through 
hexagonal openings in the neck. The jar is divided into ‘ 
three compartments, byras many rustic handles of knotted 
odik ; while branches of the same tree, with tlieir rich 
foliage rising from the plinth, are spread ttjsJefully over 
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the licftiji* pawsj and thence entwining with the handles^ 
rise and encircle the base of the neck. "J'he ornaments 
of the cover are in keeping with those of the jar, it 
lieiiig covered wiih Jiranches and foliage of the oak : the 
wliole is surmouHted by the figure *of a rhinoceros. 
1'lie three compartments iiilo which the* jar is cKvided 
arc enriched with highly hnislied paintings in enamel 
colours, cxccuteij by one of the proprietors of the works, 
from designs by Stothand, the subjects of which arg 
drawn from the admirable romance of Cervantes, yhe 
circular projections at the Uase, and the cover, are 
adorned with paintings from nature, of six subjects of* 
rar^ botanical plants, the originals of which are in the 
conservatories of M^'entworth Castle. The whole is re- 
lieved and enlivened by ornamental work, in buniishetl 
and chased gold ; anck the work^ both in its design and* 
execution, is highly honourable to the artists. 

^ iTp to a cdmparatively recent period, the manufac> 
ture of earthenwares formed oneo£ the very few firanehes 
of domestic industry which were lefk from the evil 
effects of direct taxatiop, and, extept in one branch* of 
fery minor importance, the art is still in the enjoyment 
of this immunity ; to* which favourable ci]|cumstance may 
be imputed much of the sigiial and uniform success 
whereby it has been attended. In the year 1812, when 
the duty upon glass bottles doubled, the manilfac- 
turers of these represented to the chancellor*of the ex- 
chequer, tirat unless a countervailing iQvierf 

upon stane bottles, the latter, being ,wholly*unburthened, 
wffuld, possess an unfair advantage?, and might be sold 
at }»rices that w^ould drive glasi bottles out of use, 
'rfti8«was a line of argmnent in no wise unpalateable to 
the minister, who readily caught at th^ suggestion of a 
new object for taxation ; and a duty of five shillings 
•on each hundredweight was immediately imposed ujion 
all stone bottles tlie content of which should be two 
quarts and under. • 

The levying of* this duty calls for the attendance of 
revenue officers at all hours on the premia of every 
• 0 4 
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Stone. ware manufacturer throughout the kingdom ; and 
it is very much to be doubted whether, in any one year 
since its first imposition, the expenses of collection liave 
not more than absorbed the ijri^ole amount paid by the 
potters. The total quantity of ston'e-ware made which 
is changeable 'Vfith the duty does notrcxceed 600 tons 
annually, and a large proportion of this is used for j)ur- 
fioses to which glass h€is never been applied. It is not 
very likely that stone- ware, tlie utility of which for 
many \)urposta5 is exceedingly great, woqld <‘ver have 
been brought into coinpetftion with a material so much 
•lighter, and in many respects so much more convenient, 
even had the pottery continued free from the domi- 
ciliary visits of the exciseman ; 'land now that the ex- 
periment has bi'cn fairly tried during nearly twenty 
‘years, and has been found unproductive of any real 
revenue, ‘■there can he no suHicient reason for continuing 
the imj^st. ^ • 
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CHAP. II. 

GENERAL DESCRIPTION OP INGREDIENTS DSED IN THE 
• MANUFACTURE. • * 

J>IFrERKNT 2RANCHRS OF THE ART. INGREDIENTS USED. 

FUUrKRTlES OF •aDUMINA^ ITS INFUSIBILITY. CONTRAC- 
TION WHEN rXFOSEl) TO HEAT. W'KDGWOC^i’s FVROMETER*. 

('OMl‘OSlTlf)N OF tiEMS. GREAT AlIUNDANCK OF CLAN. 

|•RO^FllTlES OF SILICA. ITS* GREAT ABUNDANCE. — STA^ 

hAND. INCAl'AllLF. OF ARTIFICIAL SOLUTION IN WATER. 

msSOLVKO NATURALLY. SPRINGS ATtCARLSBAD. BOILING 

FOUNTAIN IN ICELAND.^ — FUSION OF bILEX. RINDS OF CLAY 

USLD IN POTTEKIKS, THEIR VARIOUS MERITS. CHINA 

CLAY OF COHNWALU MODE OF ITS PREPARATION. ITS* 

ANALYSIS.— »COttNISH l-^L-SPAR. IJS FUSIBILITY. — -^TEATILK, 

r.AllTII OF HAi msSERO. ITS A NALYSIS. — CORNISH SOPE- 

M’rtM:. .SPr.MA MARIS. ITS EMPLOYMENT IN IX^CELAIN 

• WORKS IN SPAIN. * • 

• 

Tin: art of manufacturing pottery #nd porcelain n^tu-^ 
rally divides itself into four different and di.stitict 
firaiichcs : the first ^of these comprehends a knowledge 
of tlie nature and peculiar properties •of the various 
materials, whereof the vessels gfe composed ; the second 
comprises the methods used Jn combining these mate- 
rials, and* iy fashioning the •vessels ; the t)}ird branch 
includes tlu^ choici^ and^maiiagement of^tlie colours and 
► tnainels einployctl in jiainting ami •omimenting the 
wares, Higdi^her with the operations necessary for their 
cohvension ; and the last division^ embraces the means 
required for completing the manufacture by the aid of 
fiFc^ ‘In describing, ho*vever, the different Itages of tlie 
manufacture in tlfey ^occur, the painting and bakin|^ 
processes must uiu^voidably be intermingled* • 

• The chief ingredients employed in the composition of 
all kinds of pottery ax^ clay and flint : these are both 
classed by chemists among the primitive earths, Th-a 
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first of thenij in its state of purity, is denominated 
nhimina, or oxide of aluminum ; and the latter is called 
Mlicay or oxide of siliciumy It is only since the year 
1754« that alumina has been acknowlerlged as a peculiar 
substance ; and the period is much more recent when 
die reshearcbes pf Davy proved it to belong to the class 
of metallic oxides. 

It is of great importance to make choice of a suitable 
kind of clay for the manufacture ; but, according to 
the remark of the celebrated Vauquclin^ it is much 
more important to combine this with a due proportion 
’bf flint, as good pottery differs fpoin that which is in- 
ferior less in the original quality of its elements dian 
in their j)roportions. '‘- 

Clay is an opaque and non-cry stallised IkkIv, of dull 
‘fracture, soft enough in all statns to take a mark from 
iron ; wlAen breathed on it exhales an odour which, 
from iti peculiarity, takes its name from the material, 
and is termed argillaceous. This is owing to the oxide 
of iron which is mixe^l with it, as clay, when absolutely 
pure, does not emit any odour. C'lay forms wdth water 
a plastic paste, having considerable tenacity, and whic^, 
by the action of heat, is brought to a very great degree 
of hardness ; it is compact, smooth, and almost unctuous 
to the touch, and when dry, may be easily j)olislied by 
the finger. It is not solut)le in w^ater, hut mixes readily 
with it in all proportions, part’iig with tbfficiilty from 
uie last poi turn that which it has ahsoibfcd: it will ' 
adhere to tlie tongue. The description of clay employcil 
by ])otter8 is infusible in the heat of a porcelain furnree, 
where some kinds, owing to their being combined with 
oxide of iron, a.ssume a red colour, while others b^^co.nc 
jof a pure white. The highest tcmpoi.^ture to which 
claiy can be exposed tends only to increase its density, 
hardening its substance and diminisliing its volume 
This diminution of volume produced by increased tern* 
perature is an apparent deviation from tlic general law 
of expansion by heat ; but the deviation is only apparent. 
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and is probably produced by the vaporisation of liquid, 
combined with the clay. Mr. Wedgwood found that 
the diminution of volume produced by exposing the clay 
to these extreme timperatures, continued the same after 
the clay was suffered to cool, and therefore that its 
amount admitted* of d^libertite and accurate measure- 
ment. He also supposed (though erroneously) that the 
shriKkage of the clay was always proportional to the 
temperature to wTiich it had been exposed. This led tq 
his well knov^i invention of the pyrometer, an ins^. 
ment for measuring degrees of temperature beyond the 
range .of the commo# thermometer. The instrument* 
consisted of small cylinders, ^composed of two parts of 
the porcelain clay of f!ornwffi, and one part of pure 
alumina. These, wh^n baked in a low red heat and then 
cooled, were ronstructrtl of such^a size as just to enter 
, between the wdder extremities of two brass ro3s, fixal 
ojp a plate twefity-four inches long, half an inch asunder 
at one end, anti three tenths o/ an inch at the other. 
I'hcse rods were divided to ifenths oi*an inch, and con- 
sequently each division , formed tl>e 240th part of the 
irtiolc length. 7’ht* clay cylinders, being exposed to the 
heat which was required to be determined, were subse- 
quently inserted l)etwoen ihesf • bars, and by reason of 
their contraction they advanced between them to a point 
depending on tlie amount of dieir shrinkage.^ 

This pyrometer, hoi^ver, has been found to be sub- 
•jeot to a fatal defect. The shrinkage* of thC 'clay doc# 
not depend on the. temperature alon^iof the^fire to which 
it ft? exposed, but also on the length of time which the 
fire has acted ujion it. Thus a leaser degree of heat will 
prf (bite the same shrinl<«gc as a greater degree, provided 
the clay is exposed ^o ijic former for a longer portion oj[^ 
time. The instrun^ent has been, consequently, long sii^ 
totally laid aside. 

Some of the most valued amonu the precious stones, 
such as rubies, sapphires, emeraltis, jaspers, and others, 
are composed of either alumina or silica, or of the two 
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earths in combination, together with different small 
portions of lime, or oxide of iron, or magnesia, &c. 
The different kinds of clay are most abundantly spread 
over the globe, forming in many situfskions entire moun- 
tains, in other places existing in vast beds, and else- 
wheru lying among other mineral substances disposed in 
strata. It has been generally held that clay results from 
k . ‘the slow decomposition of silicious and aluminous rocks, 
which being acted on by water filtrating through them, 
their constituent parts have, in, the coursgof ages, been 
separated ; the lighter and finer portions remaining united 
’• at the top, while the grosser but less tenacious parts 
Lave been resolved into sandy deposits. “ 

Silicaj or pure flint, which forms the second material 
in tlie composition of pottery, has been considered as a 
primitive earth. It is of very«coinmon occurrence in 
most pArts of the world, in primitive mountains. It 
is fre(}aeiitly found in great abundance imbeddCfl in 
chalk. ' In Scotland and Irelaiui it occurs in secondary 
limestone. Flint i^bouiids in alluvial districts in the form 
of gravel : an inexhaustible supply of excellent quality 
might be collected on some parts of the sc‘a-coast of Eng- 
labd, and particularly at and near Brighton, where there 
is enough of this material, known under the name of 
shingle, to serve the %<fhole manufacturing w'ants of 
England for ages to conK*, while its removaj w’ould l)e 
attended ivith advantage to tlu^j place whence it should 
,r>e taken, r Flint, is silica in a state nearly^approaclung ; 
to purity, itsrconshtiicnts being 
Silica 

Linvu 0\')0 

Alurhina 0*25 

• Oxide of iron* 

Loss 1 • 


100 - 


It is usually grey, with occasional is^iped ^delineations 
occurring (n its substance. It is obtained generally in 
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rolled j)ieces, but often occurs in irregular shapes. It 
has internally a glimmering lustre ; its fracture is con- 
choidaI> and its fragments are sharp-«dged. It is 
translucent. WTyn two pieces are rubbed together in 
the dark, they emit^ phosphorescent light, and give oflF 
a peculiar smell, *We are junable to dissolve silex in 
water. This process it, however, consta^itly performed 
by nature. The investigations of Klaproth enabled him* 
to detect 25 grains of silex in 1000 ounces of the prin- 
cipal mineral spring at Ckrlsbad, in Boh^ia ; and the 
celebrated boiling fountain at Rykum, in Iceland, defK>- 
sits so considerable a quantity of silicious earth, that 
sol^l cup has lieen formed around it, rising to a con- 
siderable height. This solution of silica is probably 
owing, in both these cases, to the solvent power of soda ; 
which is also preseiit in the water. The water from « 
the spring at* Rykum used formealy to be projected inU) 
the ^r to the perpendicular height of f)0 or 70 fn^t ; but 
the overthrow of a mass of rock having since partially 
covered its orifice, the stream Aspoqjts out later^y to a 
distance of 50 or ()() feet. The heaf of the liquid, softer 
it has reached tlic surface, is sufficient to raise the thei- 
inometer to the boilii^g point of water ; and there is liuie 
doubt that the fluid must have parted witli some portion 
of its licat on emerging into tha Atmosphere. The capa- 
bility of water, in its dense oj^ liquid state, to assume, 
under th<?lse, circumstances, a higher degree of lieaj 
than that aj which it l^Us under ordin|iry atmospheric 
’ pressure, may be partly attributable^fb tlfe clepth fron? 
which h is brought, influenced by the s'liine law that 
occasions fluids to boil at lower temperatures on the to})S 
of higl) mountains. Silica is alsp found existing in so- 
lutfbA in the Bath watons. ^ * 

The best fliTits dre pf a dark grey colour, approaclw* 
ing to black, and leaving a considerable degree of tra^s- 
•parency. Those which exhibit brown or yellow spots 
on their interior siirlaQps should be rejected, on account 
of the ferruginous particles which they contain, and 
which woidd occ&sion bJemislies in the ware. Those 
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larger masses of flint are always most preferred by 
tlie potter, which, being dark and dear within^ are co- 
vered with a Tvhite crust externally. The rolled pieces 
which are taken from chalk pits are ^ostly of this de- 
scription. , " 

De Saussure asserts that pure sile:^ may be fused at a 
heat equal to 404*3 degrees of WedgwoSd’s pyrometer ; a 
(degree so far beyond any that has yet been observed, 
that one is at a loss to know upon wha* data the asser* 
tion is founded. 

The clay principaUy used in the potteries of Stafford- 
, sliire is l)rought to them* from Dorsetshire and Devon- 
shire. These earths are both of excellent working 
quality, and, being free from any impregnation of iron, 
are valuable for the great w^hiteness which they exhibit 
, when burnt. The Dorsetshire clay- is brought from the 
Isle of l^rbcck. It Is of two “kinds, disdnguished as 
brown^ciay and blue clay : that from Devonsliire comes 
from tlie southern part of the county, and is also of twr 
distinct qualities, which arc known as black ciuy an<l 
cracking clay. Tl.a clay from Dorsetshire is considered 
preferable to that frofn Devonsldre h>r the potter’s use ; 
so. that it commands a price in the potteries equal to one 
eighth more thJiii the latter. 

The good qualities cff. brown clay are, that it burns 
of an excellent white, and is not liable to crack during 
the process. of burning. On the other hand, it is subject 
to the considerable imperfectiotl of erasing , — an evil 
*which induces soire manufacturers to*" discard it alto- 
gether from their wo^ks. Crazing is a technical phrase, 
used to denote the cracking of the glaze, which is l)e- 
lieved to arise from the imperfect manner in which this 
is capable ox uniting itself w’th the clay composing 
^the body of the vessel. This de/ect'of Grazing is not, 
however, al.vays referable to the cause here assigned, 
but may be owing equally to the faulty nature of the 
glaze, which may not be capable pf perfect fusion in the 
heat of the kiln ; or it may residt from the error of the 
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workman in withdrawing the wares from the kiln at 
too early a period, and before diey are properly cooled 
the glaze, which is in fact glass, requirihg great care- 
fulness in this rfspect for its proper annealing, and 
being, without it, vA-y liatle to crack with every mate- 
rial variation of ^mperatura to which ij may bft sud- 
denly exposed. 

Blue clay combines the greatest number of good* 
qualities, and is She most, generally esteemed, of all the 
four descriptions here mentioned. It burns excedliingly 
white, forms a*very solid quality of ware, and is capable 
of being advantageously combined with a greater quan- 
tity of ' silicious earth, or flint, thaa any of the other 
kinds; a quality which desirable, because the greater 
the proportion of silica that is used, the whiter will 
prove the ware : the lirgit to the use of flint being the 
inability of th*e clay to bear it in%mbination blyond a 
•certain proportion without cracking. Both th^e de- 
sAiptions of clay are much used as* ingredients *in the 
manufacture of porcelain. * 

Black clay OAves its distinctive cplour to the quantity 
of, coaly or bituminous fliatter which it holds in com- 
bination, but which i» entirely consumed and dissipat^i 
• when the clay is submitted to J^lie heat* of the oven, 
leaving the articles of which if is composed of a very 
good wliite ^ and which is, indefil, found to be the more 
])erfect in prtfportion a^the clay has origiifally been’ 
flacker. Crjii'kiiig clay has acquired ^lamt^rom an< 
evif property of occasioning the ware to •crack while 
undergoing the first application of fire. To compensate 
in 8ome*degree for tliis evil, the |^ods in which it is 
einpjqypd prove of an extreme whi&ness. IVkich judg- 
ment and experk?nc (4 must be; brought ^o tlie employ- 
ment of this clay, that* its tendency to cracking m^ 
be as much as possiflle corrected by a proportionate ad- 
mixture. If clay of any description were dried without 
tile addition of any othef body, after being made suffi- 
ciently plastic; to ba modelled on the potter s wheel, it 
must inevitably crack, as the evaporation of^ts water 
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will occasion it to shrink in the proportion of one part 
in twelve during tlie dryfijg. 

Another dfescription of clay, much prissed for the ma- 
nufacture of finer kinds of earthenrare and porcelain, 
was found in Cornwall by Mr. Cookwortby, as already 
mentioned, and is commonly denominated China clay. 
This is very w'hite and unctuous to the touch, and is 
obviously farmed by the gradual disintegration of the 
felspar of gianite. There are found in Cornwall laifte 
•mountains this mineral, some of which are thus 
partially decomposed ; ^his China clay f>roves, on ex- 
amination, to be identical with the kao-lin of the 
Chinese. It was found by Mri»^<8l^ard in the' course 
of some exjieriments upon granill^/||^ch is a compound 
of quartz, felspar, and mica,) thdt*^ felspar was melted 
into a transparent glass, that the mica was foimtl lying 
under in tlie form**of a black 'slag, wb'ile the quartz 
reinarned unaltered. 

Thj C’hina clay of Cornwall is prepared by the cLy 
merchants on the spot where it is found. The stmie is 
broken up into pi'eccs of a srnalhi&e^^ and then cast into 
a running stream : Ihere the light at^laceous parts arc 
%;ashed off and held suspended ip, the water, while the 
more pondercus mica and quart^e remain at the bottom 
of the 'stream. At tlicrend of 'jbe, rivulet the water is 
stopped by a dam, and die pure clay gradually subsides. 

. M^hen this deposit is tompleled, the clekr water is 
^ drawn ^off, and the solid matter dug out in square 
blocks, which ar^' jdaced on shelves, and exposed ro a 
continued ^irrent*of air until sufficiently dry to 
packed in casks for shipment. This clay, thich is 
then in the state of ^a fine powder, is very smooth, and 
of an extreme whilene^-' MV. Weilgwood foiiml by 
^ analysis that it contain^ sixty ^^arts of alumina ami 
-twenty pahs of silica. The manufacturers arc icquirerl 
to pay a much higfier price for this than for any other 
of our native earths, but for some finer purpo^ it is 
altogether indispensable. 

. A portion of undecomposed Corhish felspar is often 
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added *to the cky^ on acc^ttnt ,of its fusibility and 
tenaciousness^ by which it binds/ as it were^ the whole 
ingredients more flosely together. The fusible quality 
of felspar is owing to the*presence of^about ah eighth 
part of po^s. If* this all^ne substance be separated 
by decomposition * as is the case with tBe China* clay 
above described^ the fusibility no longer exists^ and the • 
bSdy remains unaltered in the greatest heat of a porcelain 
furnace. The use of this*material has of ^Ue been very 
much increased in our porcelain works. . It is a curious 
and very useful fact^ that although neither clay^ flinty ^ 
nor lime can be 8||i^ately melted^ yet when mixed 
together in due |»I|o|k^ods^ die mass is fuse^ without 
difficuhy^ the one acting as a flux to the other. 

Steatite^ or soapston^ has of late years been very < 
much employed in the-^compositioB of porcelain. » When 
» present^ in even a small proportion^ it limits th% eon. 
t^^cdon of the *ware in the furnace. ^ Steatite is 9 , sub- 
species of mica^c^hich is found ahun(}antly in Cornwall 
and is met with also*# the island of Auglesea. TJie 
mineral which' th€w porcelain barth of Baudisseru^ 
long considered ^to be a superior kind of clay, until 
it was ^scovered by^. Geobert that it eontains not a 
particle of alumina inpts comfyilition. This chemist^ 
on endeavouring td^ ddnvert t^e substance into 
found, to great surprise, • that he obta#ed' only 
crystals of sj^phate of Ibagnesia (Epsonq salts). Pro- 
Vexing thence to Analyse it carefully, dib asteiwned its * 
compos! tk)n to be, magnesia 68, .carboidc acid 12, 
silifift 1^’6, sulphate of lime 1*6^ water 2*8. The 
soapstone of Cornwall dilfers^ fi^m this substance, 
yiefcHng on analysis, magnesia 44, silica 44, jlumina 2, 
iron 7*8, luagn&ik ^chrome 1*2. It also couitaiits 
traces of liipe and npiriatic acid. * / f 

• In a published letter addressed by M. Prouk to 
M. Vauquelin from Madrid, mention is made of a 
beautiful kind of porcelain produced in that city, and 
which is described be of a texture even ha^er than 
the porcelain df France. Instead of employing kao-]jn, ^ 
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tiie body of the ware is made with spuma nmris^ a 
species of pqUstone found in the neighbourtiood of 
Madrid^ and the glaze is composed of felspar brought 
irom Gsilieia. The pot-stone whefn taken from the 
quarry is sufficiently soft to admit qf its being cut with 
a knife like seap. Besides magnesia^ silex^ and some 
^ particles of argil and lime^ it contains a portion of po- 
tass, the presence of which, in the competent opinion 
,of M. Proust, contributes not a little^ to the superior 
quality of th6 manufacture. 
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CHAp. III. 

ON THE lyiEPAllATlON OF MATEJ^IALS. > 

DILUTION OF CLAV. CHEMICAL EXAMINATION OP M'ATEK N£- ' 

CESSAKY. KAIN, WATFlt. CAKKFULKESS OF GERMAN MA- 
NUFACTURERS. BLUNGINa. MACHINERY. •— PREPAKlNr' • 

FLINTS. aURJj’ING. KKEAKING.— GRINDING. ~n&T GRl»y»- 

INO. — Brindley’s imi'rovld mill. — chert. — care re- 

Ql’lHED IN SKLICCTING GRINDING STONES. DILUTION OF 

rLlNT‘POWDEll. PUOl’ER CONSISTENCE OF DILUTIONS. AD- 
MIXTURE IN DIE PUOfOKyONS. AFFINITY OF ALUMINA FOR 

SILICA. SLIP. SLIF-KILN. — METHOD OF EVAPORATING' 

M PFRFLUOUS MOISTURF. WORKING THE PASTE. TIME 

NrcrsSARY FOR TKMPEHfNG IT. — PROPORTIONS WHEREIN 

CE^Y AND FliNT ARE UMTED. DlftlCULTY OF AScZrTAIN- 

1 INC. THIS. SLAPPING. FRFNI H M ANI^FACTURERS. -♦ FRO- 

j^yORTl'lNS OF INGKFDIFNTS USED «Y THEM,* — KAO>«.IN. — 

FIJNT. GYPSUM. BROKEN PORCiy.AIV. CALCINED BONES. 

TENDER PORCELAIN. ITS COMPOSl''5ION. PORCELAIN 

EAUTII USED IN BERLIN. — FRKNI’M PO'P’ERS BUY THEIR MA- 
TERISLS READY MIXED. ADS AM'AGES OF THIS PLAN. — 
ISFLIGIBLE IN ENpLAI^D* 

» 

In preparing the clay, the first aperation of the pottery 
is that of mixing it with water, to the consistence pf 
cream. It "is ^ well known, that water collected from 
springs, and ^rom many %treara.s, containg various fo- 
fegn matters, soint of which would b/Tnjufious to the 
composititn of porcelain. It is therefore necessary to 
cxaifiinedchemically the properties of water before it is 
employed for this purpose, in ordsr to make choice of 
tliat*vrhich is purest ; amV to correct, by some of die 
well known meads, atiy had qualities that may be pre- 
sent. The French manufacturers are accu^nied to* 
employ only rain water, whose near approach to purity 
fits it for the object. In Germany^ still more precise 
in his operations, the manufacturer prepares his ma- 
terials only twice ifi the year, at the vernal |ind au- 
tiunnai equinoies; persuading himself that at the^ 

D ^ 
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seasons there is some peculiarity in the rain/ ivhich 
better qualifies it for the purpose of his manufiM^ture; 
Although the grounds for this nicety are not apparent^ 
it would yet savour of presumption to attribute the 
practice entirely to prejudice. The^observations of men 
practically en|?agcd in m'anuaL or cliemical operations 
have frequently led to improvements in processes^ long 
before tlie reasons whereon these should have been 
.founded have been revealed by scientific researches. 

^The mixing of the clay, which is called hluriginff, is 
epscted in a trough five* feet long, three feet wide, and 
two and half feet deej). In order fully to break down 
the clay, and incorporate it with the water, a long wooden 
instrument, formed with a blade at one end and a cross 
handle at the other, is moved violently about in the trough 
in all directions, so this becomes an operation of 
great labour. In large establishments, where machi- . 
nery isadopted for the abridgement of labour, the hlungitjg 
is thus effected : — The clay is thrown into a cast iron 
cylinder, four fe<\* deep, and twenty inches in diameter. 
Tlirough the centre of this cylinder runs an upright 
shaft, furnished with knives placed as radii at right 
angles to the ^ shaft, but so arranged upon it that their 
flat sides are in the pl&ne of a spiral thread, so that by 
die revolutions of the shaft, the knives perform the 
double office of cutting\whatever stands ii> their way, 
and of forcing downw^ards dm contents oJ* the cylinder 
in the ilianner of^a screw. Another set of* knives is dn-** 
serted in tht interior surface of the cylinder, and these 
extend to the shaft in the centre, parallel to, and Cor- 
responding with, d^e revolving knives : thus die two 
sets, the 'one active and dui other passive, have *die 
effect of shears' in cutting the^cla} infti small pieces; 
lyhile this^ in its reduced state, i^s at die same time 
forced through an aperture at the bottom of the cylinder, 
and transferred to a vat for thc^ purpose of being mixed 
with water ; a process which &is previous dividing of 
the day is found materially to facilitate. • 

The v&t where this mixture is perfomtod is likewise 
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of a cyMndrie form, its diameter being equal to four 
times ^ depth. In the centre of this vai, also, a per-* 
pendicukr shaft iS| inserted, furnished with cross arms 
or radii, one below Ahe other. These^ cross arms are 
connected by upright staves^ giving the appearance of 
two opposite gatecThung upon the central %haft. 'these 
revolve witliin the cylinder ; and as they are partially ^ 
immersed in the pulp, the constant agitation mixes all 
the fina" particles of claj with the watei^ while «tony* 
particles of gi^ater magnitude fall to and remain at the 
bottom. The pulp, now mixed to the consistence .#f , 
cream,' is passed off from the vat through a series of 
sieves of increasing degrees of fineness, which are 
worked to and fro by machinery ; thus a separation is 
effected between the grosser parts and that portion which 
is fitted to enter into the compositMn of the war<^ 

* The next process is that of preparing the ^ints. 
Tihese are first *bumt in a kiln. constructed for th# pm- 
pose, and which very much resembles an ordinary liiifiie- 
kiln, being of a conical shape, and abi9ut nine feet deqp. 
While the flints are yet jred-hot, thfiy are removed from 
tHe kiln, and in that state are thrown into cold watery 
by means of which their attraction of aggregation is 
lessoned, so as to facilitate gre£^ly tHe subsequent ope. 
ration of grinding : they are next broken, either by 
manual labour, or by machinery. In the letter case 
they are plaqed upon a Ikrong iron gratipg, and there 
Struck by hainmefs, until sufficiently Muc^ in size to ^ 
fall through the grating to a receiver, wheftce they are 
col1^'eyod to the flint mill. 

In order to expedite the proce|s, and at the same 
tiriJe* eo grind the flints •finer, a quantity of water is 
throwm with tliAn iflto \he mill. Another good attend. , . 
ing the presence of «water in this grinding operation, Ja 
the preservation of the health of the workmen. Before 
the adoption of this method, the atmosphere of the room 
became charged with the finer parlicles of flint, which, 
adhering to ihe luflgs, frequently occasioned distressing 
Rud^aometimdk fatal diseases to the workman. This 
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great improvement was elFected by the iKtiatriou's Brind- 
ley, who likewise invented the mill now used in the 
process. This is a large dircnlar vat, about thirty inches 
deep, having a, central step Bxed in the bottom to carry 
the axis of a vertical shaft. The Ynoving power is ap- 
plieti to this ^haft by a crown tog wheel placed on the 
top. At the lower part of the shaft, and at right angles 
to it, are fixed four arms, upon which tlie grinding 
“ stonos are fijied ; large blockS of stone of the same kind 
being likewise jdaced in the vat. TheSe stones are a 
very hard silicious mineral, called chert, which is found 
in abundance in the neighbourhood of Bakewe^l, in 
Derbyshire. The broken flints being then introduced 
and completely covered with water, the axis is made to 
revolve with great velocity, when <he calcined flints arc 
speedily rerluced to aci impalpa\)le powder. 

Tke nature of the grinding stones used in thepe flint- 
mills ris of considerable importance ; ibr should th^y 
contain any calcareous carbonate, they will be abraded ; 
some part of theit substance will mix with the flint, and 
consequently with the body of*, the waxes, and thus oc- 
casion very serious injury to the ^manufacturer. Some 
years ago, a. very heavy loss was sustained by some 
potters, who had pur6hascd flints ground in a mill the 
stones of which contain/'d carbonate of lime. 

>Vben,the flints are thus sufficiently grqurtd, tlie semi- 
fluid is transferred to another^vat, also copstructed with 
an upriglit^^liafYvfurnished with arms or vanes for 'the 
purpose of agitation ; and a considerable quantity of 
water being added, the moving power is applied," and 
the whole violently agitated. Tliis process occasions 
the gro8S& anc] weightier particles to take their {)llice at 
the bottom, while the finer portion femiuns in aus[>ension 
rbove ; artd in this state is passed for subsidence to a 
reservoir, whence in due time the supernatant water ‘is 
drawn off' through apertures piiovided for the purpose. 

The dilution of clay is held to be of the proper con- 
sistence £or mixing, when a quantity that WiU All a pint 
measure weighs twenty-four ounces; atid that of the 
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flints li squally considered suitable for use^ when the 
same bulk is brought to weigh thirty*tw ounces. It 
is by their specifif gravities/ that is, by the comparative 
densities of these dilutions, as indicated by weighing an 
equal bulk of cach^ that the manufactmer is enabled to 
ascertain the real proportions of the miiterials, dnd to 
combine them in the degrees which his experience leads, 
him to employ fpr the composition of various kinds of 
|K>ttery ; and too much*nic^ty can hardi/ be given to 
this important part of his labours. « 

The dilutions of clay and fliflt being brought together ^ 
in suitable proportions, and intimately united by agita- 
tion, tile mixture is {t^'sed, while In a state of semi- 
fluidity, through different sieves, in order to separate 
any remaining impurities, together with such portions , 
as have not been sufliAently ground. By thes^ means 
the mass presents the utmost uniformity and smoothness 
^roilghout. The affinity which alumina has feyr silica, 
under all circumstances, is so gr,eat, that they will unite 
even in the humid way, forming a land of mortar ; jmd 
when this becomes har^lened by •time, it is thereafter 
AicApable of decomposition by the action of tl^e 
atmosphere. ^ ^ 

This fluid mixture of clay, and flint is called alip^ 
and, after passing through tlic sieves, is pumped to the 
slip kiln,* This is a kind oi trough formed of fire- 
bricks ; its ’size varies'Osccording to the extent of the 
» manufactory, befng of the length of Jbrty^o *p5xty feet/ 
from four to six ieet wide, and alx)ut twelte to eighteen 
inches, deep. Flues from fire-places pass under the 
whole extent of the troughs, in wlfich the fluid is made 
t(f boil, and the proces)^ of evaporation is slowly con- 
ducted, so as pr^uce an uniform consistency through- 
out the mass. Thjs evaporation must be vary carefi^y 
lattendeil, and the mass frequently stirred and turned 
over, otherwise, from imperfect manner in wliich it 
conducts heat, the portion in cbntact with the bricks 
would become improperly hardened, while the remainder 
would continue fluid ; in addition to which,'*flint being 
i> 4 
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i^cificalljr heavier than day, the foriner woi^ in 
Brst part of^he process^ and while the slip is yet fluids 
have a natuj^ tendency to subside to the bottom, and 
thus render the composition ^of the^iriass unequaL 

The evaporation is never earned beyond a certain 
point in the kiln ; for shduld the maxas b^ome too dry, 
it would be impo^ble to knead it properly, or to mould 
it on the wheel into any of the forms which it is desired 
,to create. The place where this evaporation is per* 
formed is cahed the aUp-hoxim. « 

When the clay or paste is removed from the slip- 
kiln it contains a great number of mr-bubbles, and must 
be well incorporated together or tempered by woriudg or 
luting it with wooden mallets, it is next cut with a 
land of spade into small pieces, which are thrown upon 
th^ mass widi all tlj^e strength of the workman, and 
^these operations are persisted in until it is supposed , 
, lhat their further continuance would *not bring t^e 
whole to a more complete state of consistence. 

The mixture, ffhen' brought to tliis state, {^lould he 
sulBTered to remain dn a mass for a consideralde time 
before it i& use<l ; the material by tliis course becom^is 
much more intimately united thtfn can ever be e^cted 
by mechanical means. < It is to be feared that, although 
the English potters are fully aware of this fa^t, they 
yet fail to adopt so eligible a practice, which, as it calls 
for the eibj^loyment of greaterc space, tim^, and capital, 
is negleefrjdffoV advantages, which, if not so gi;eatf 
in an extended point of view, aje certainly more 
immediate. 

It is not possible to state the precise proportions 
wherein tke clay and flint arc^brqught together in bur 
English potterils. Each manufacturer* has in tliis re- 
sect his <?wn practice, which, esteeming it as the best, 
he endeavours to keep profoundly secret ; and, besides, 
the proportions necessarily vary with the quality and 
properties which it is’ desired to give to the mauuiketure. 
Vauquelin informs us that siiex fornrs at least two thirds 
of all kin^s of pottery ; alumine from one fifth to cne 
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tJlird ; lime from U500th to l-SOOOtb p9Xt ; tmA ilwi 
the smallest conceivable quantity u|> to twelve and 
sometlihes even fifteen per bent. The presence of ilie 
two latter bodies is accideiftal, arising from the natural 
composition of the iftaterials^ and in par&mlar the oxide 
of iron^ when pifisent in any sensible dSgree, refiders 
the clay unfit for all purposes^ except that of forming » 
the common red ^are. 

Parkes, whose practidd essay on making of. 
earthenware and porcdain is founded on his oiyn 
personal observations^ made duftng a residence of some 
years* continuance at the seat of manufacture^ is yet so 
little able to be precise ypon the subject of proportions^ 
that he tells us fiint forms a fourth, a fifth, or a sir|h 
part by weight of the prepared paste. ^ , 

Some portion of th^ china-clay of Comw{dl» en^s^ 
into the composition of every better kind of earthenware^- 
f 4 Xccpt only the cream-coloured sort. This ing^ienjt 
is sometimes added to the mas$ and blunged with it, 
and at other times is blunged separately and mixed ^ in 
the required proportion ydth the slip. 

* The clay or paste, when taken for use, undergoes thf 
process of nkipping, * This labour is ass^ned to a man 
of considerable strength, who, proceeds by placing a 
lump weighing from fifty to sixty pounds upon a con. 
veiiient slab or bench. The mass is then cut through 
with a thin^^brass wirej* one end of which^fs held in 
• either hand, whilb the part between ^ tofced* through • 
the clay^ which separates as easily as if it V^ere cut with 
a knife ; then taking up v.dtli both hands the piece thus 
separated, and exerting his utmos^* strength, he hurls it 
on the rest of the nuiss^ and this operation "is repeated 
until the wholf lufhp exhibits a perfectly smooth and 
dose appearance wherever it is cut. So complete is 
incorporation of the whole mass by this means, that if, 
at the commencement qf the process, two pieces of day 
of difierent colours are taken, the lump, at its com- 
pletion, will* be of* one uniform hue, intermediate to the 
two original tolours. This laborious operaifon ia ope 
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of the very first necessity, in order completely ‘to expel 
every air bubble, however minute, remaining? in the 
day, and which could not be so thoroughly driven out 
by its previou^. beating in the larger mass when taken 
from the slip-kiln. If the air werfe not thus thoroughly 
expelled, it i^ould become so much rarified and expatided 
in the oven, that it would force out a passage for itself, 
and by blistering, spoil or much injirc the goods. 

Some of j the more considerable among the potters, 
who employ steam power for blunging the clay and 
grinding tlie flints, perform this operation of slapping 
by the same agency, saving thereby both time and 
labour. In this case the expulsion of the air is effected 
by mechanical pressure, and the office is performed 
with perhaps as much efficiency as by hand. 

Htw'ing undergone all these* preparations, the clay is 
now 4 ,fit for being shaped upon tlie wheel or fashioned* 
by tke aid of moulds into all the tfivcrsified forms 
which fancy may desire. This bri^n^h of the art is 
divided into thfee different departn3|mts — throwing, 
pressing, and castiifg — either of w'hichis used according 
.to the fonn of the article manufactured. 

The manufacturers of porcelain in France do not use 
so much secrecy as is, preserved in our own potteries, 
with respect either to the materials whereof their ware 
is compounded, or to the proportions w'hcrCin these arc 
employed, 'f he clay which Ibrms five p^rts in six of 
the whole ihass^^ the porcelain earth' already mentimiccf 
as being identical with the kao-lin-of China; to this 
are added in certain proportions flint and - gyjisuin 
(plaster of Paris).*', both calcined and ground ; anti 
fragment^ of broken porcelain, which must be* w^fiite, 
also ground to a fine powder.. (Ihe Aile for forming 
this composition assigns nine par^s each of flint and 
broken porcelain, and four parts of calcined gypsum, 
to each one hundred parts of .porcelain clay. Another 
authority recommends five parts of gypsum and only 
eight parts of ground porcelain ; whfie the*flint and cl^y 
are used*in the same proportions as in' the first rule. 
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If at*|ny time the manufactory should not aflSbrd 
broken porcelain for the purpose, it is •recommended 
that pieces be compounded, about a quarter of an inch 
Uiick, of the other ijiree kigredients, wherein the pro- 
portions of gypsum* and flint are augmented ; and these 
pieces, having been previously convert^^into poilcelain 
by liaking, are to be ground- and mixed in the above, 
incMitioned propoitions with the otlier ingredients. 

It has of late years been the practice of some, 
English manufacturers to use a considerable proportjoii 
of calcined bones, together tj^ith a small quantity of 
gypsum, in combination with china-clay, flint, Cornish 
stofle, and enamel. By this means porcelain of a brilliant 
and very transparent wfiite is produced, which, however, 
is deficient in densi.ty, and very liable to crack on the 
api)lication of hot liquids. ^ ^ 

^ Several among the cliemists and scientific mj^ufac- 
*f|ictufers of jidrcelain in France have g^yen recipes for 
tlie composition of tender porcelain, although this des- 
scription of waft? is no longer made lu that country. 

This kind of pbrcelaii^will support, without softening, 
aP greater degree of heat than suffices to melt glass. It 
is semi-transparent, ftas a vitreous fracture, and returns 
a ciear sound when struck by a hard body. It is harder 
but not so brittle as glass, ancl liears, witliout injury, 
sudden and very considerable alterations of temperature. 

]\f. Brongfiiart recommends a mixture of one part of 
I pure white flay, with three parts of ^^fril»compouiided * 
of nitr^ soda, filum and selenite (spaity gypsum), 
togetlicr with a large proportion of ferruginous sand and 
a little common salt. The ingredit^its of this frit are to 
b<f calcined together, ami the whole intimately kneaded ; 
when cold, thev compound is to be redbeed to powder, 
and in that state inixccf with the clay. • ^ 

« This paste is not so coliesivc or viscous as that wliich 
forms hard porcelain, and greater carefulness is, therefore, 
called for in fashioniTig vessels wifli it. Lime and sele- 
nite, or any similar earths which, if fused by themselves, 
produce a tremsparenl and colourless glass, iflay answer 
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the same purpose as the frit just mentioned. In making 
choice^ however, of the compound to be thus used, it 
must be borne in mind, that the paste must not be more 
stubborn in resisting fire than the ^ttf^gara, or vessels 
wherein it is enclosed during the baking, and no greater 
proportion of cany substance th^t promotes fusion must 
be used than San be supported by the clay without 
having its cohesiveness greatly diminished. 

The porcelain earth used an Berlin is compounded 
with silicioifs sand and sulphate of li]];ie in crystals. 
Tlie constituents of their flux are varied in the propor- 
tions according to the quality of the ware it is intended 
to produce. In the greater part of the German manu- 
factories felspar is used, and sortie employ a calcareous 
sand. 

When tender porcelain wasf made in ^ the works at 
Sevres, a small portion of arsenic entered into its com- 
position. This was found very hurtful fc> the workmen^ ' 
Few of the turners or moulders, after following thdjV 
employment for |ome years, escaped severe pulmonary 
complaints ; and tQ this disadvantage is ascribed the 
order of the French government under which this branch 
of the manufacture has been discontinued in that esta- 
blishment. 

Individual manufactifrers of porcelaia in France avoid 
all' the labour of preparhjg their materials, apd purchase 
these in a state of readines%, from estffjlishments at 
Limoges, whqfe best porcelain ear^h is •found. Thci 
price of the compound, wben delivered in Paris, or at 
an equal distance from the place of preparation) does, not 
exceed three sous — about one penny halfpenny of our 
money — ,per pound! 

This arrangt^ment must consiilerab^y simplify the 
operations^of the manufacturers', and lessens the amount 
df capital which they mu^t employ ''in the establishment 
of their works ; but it is doubtful whether tlie accom- 
panying disadvantages arc not *^fuliy equivalent to these 
benefits. There are many reason^ to rqnder such a 
plan ineligible in this country. 
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/CHAP. IV. 

ON THE FORMATION OE UTENSILS. 

THROWING. — P01TElt*S LATHJ5, THROWER. MOOE OP PRO- 

CKEOING.— PROFILES. — SLURRY.— O'AlJGES. — TURNING LATHE. 
— TURNING jfUn SMOOTHING — MOULDING DISHES^ &C. ♦- 

TOOLS. STEAM MACHINERY. ^*EN GINK- LATHE. MILLED 

EDGES. HANDLER. FORMATION OP HANDLES, SPOUTS, &C. 

— •DRESSING. SMALL ORNAMENTAL MGURES. MODE OP 

affixing THEM. METHOD OF MAKING MOULDS. BOILED 

PLASTER. GREAT irSF OF GYPSUM IN MAKING MOULDS. 

STOVES- MODELLIN<J«— QUALIIICATIONS REClUIMTE FOR A 

MODELLER. — • INCRKAvSIN(! SKILL OF ^RTISTS. FOST^ED BY 

Mil. WEDGWOOD. MOULD-M.\Kril. — METHOD OP^ lilS 

*• WORKING. CAETING. CAttEFULNESS REQUIRED IN DRYING. 

• * 

The operation of throwing consists ‘^n shaping such 
vessels as have a circular form, anti is performeil upon 
a cnachine called a potter*s lathe. 

This consists of an*u]iright shaft, about the height of 
a common table, on the top of which is tfxed a circular 
piece of wood, whose breadth Js sufficient to support the 
widest vess^ that'i>s to be matje. The bottom of the 
sliaft runs in a step, and ^the upper part in a’ socket a 



4*6 ^ PORCELAIN MANUFACTURE. CUAP. IV. , 

it by means of which it is turned, an endless band pass., 
ing round the pulley from a wheel placed at a short dis- 
tance, and which is ten times the diameter of the pulley ; 
this wheel when turned by -a handle sets the lathe in 
motion. 

Tlie clay tcf* be tlirown 1s first cul^ and weighed and 
, formed into a ball. It is then placed on the face of the 
circular board, which being put in motion, the thrower^ 
.flipping his hands fronj^time to time into water, or slip, 
thf.t the clay ‘'may not adhere to them, fashions it fii*st 
into a long thin column, Vhich he forces again down into 
a lump, and continues these operations until ^sRurefl 
that no air bubbles can possibly remain in the body of 
the clay. He then directs that the speed of the wheel shall 
be moderated, and proceeds to give, the first form to the 
vessel. , This is done ynthcr by his fingers alone, or with 
the ayl of an instrument shaped according to the desired ^ 
fonn. * The instruments cJhiployed for tliis purpdfee are 
called profiles or ribs. By the assistance of one of these, 
th 9 inside is stnoothed and made to assume the requisite 
shape, and any inequalities, technically called slurry^ 
^re removed. When it is wished to make any number 
of vessels exactly similar to each dlher in shape and di- 
mensions, certain pegs are fixed as a gauge without the 
circumference of the revolving hoard, but placed in such 
a manner, that wlieneve?v the plastic clay is. brought to 
coincide at the requisite pok.ts with tffe gauge, the 
thrower 'Rno'Jv'3 45{at the article has attained the projierJ 
dimensions.* 

In this manner most circular-shaped vessels are foneerl. 
W^en finished to thf artist’s satisfaction, he proceeds to 
remove hit; work, cutting it frpm the lathe by passirfg a 
tliin brass wire through the lowest part tf the clay. The 
v^sel is then lifted off and placed on a board or shelf, 
where it is left to dry partially \>eforC it is farther 
smoothed and shaped in the tuiming^lathe* 

TVlien the vessel il so far dried as to be in that par- 
ticular state of hardness well knowu to the workmen, 
and whic% is called the green Hate, it iu in the most 
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favourable circumstances for the performance of the re« 
maining (Operations of turning and smoothin^^ for being 
furnished with handles, spouts, and such appendages as 
cannot be affixed incite first formation. 

For making circuit dishes, plates, sauoers, or ahaUow 
bowls, and other vessels of that class, a plattfer mould is 
used. This is slightly sprinkled with powdered porce- 
lain, sifted through a fine cloth, and placed on die block 
which surmounts the uprigjit spindle of the lathe. The 
block being then set in motion, tHfe clay is jeshioned in 
the first place oy the hand of* the workmen, whicH 
presses it agjunst the mould, and afterwards with a 
profik to give the requisite internal foyn. If any ledge 
or foot is required, it is ftffixed afterwards with slip, in 
the manner hereafter described as employed for joining 
handles and spouts. All f^pcrfluous parts are cut aivay, 
and the whole fs finished by means ^f a horn tool Ind a 
flamp sjionge. )Vheii sufficiently dry to be taken Aom 
lift moulds, the edges arc pared with a sharp knifed and 
the pieces are slightly polished by*the hand. After this,, 
they are placed in piles of four, six,^ ten, or more, ac«- 
C 05 |tling to their weight &nd solidity, and are left to 
harden, preparatory to^thcir being put in the oven. 

The turninff-iathe of the potter 2.)ris similar to 
that used by the turner in wood. 'The end of the spindle 
has a screw thread, upon which • are screwed chucks of 
w’oodj tapered# in their ^orm, and differing >n their 
fjiameters according to the size of the articl^to lie, turned. 
The tcols employed are of difierent size^^rory a quarter 
of an inclf to two idches broad, and sift inches long, they 
arc made of iron, the cutting end beipg turned up about 
a quarter of an inch, and ground to % good edge. 

The Vessel to Jkj turned* being fixed upon the ^Uck, 
and motion communicated to the lathe, tlie turner 
proceeds to reduce the substance of the clay in such part^ 

are required, to form rings and rims upon the vessel, 
and generally to attend to Aose litiie niceties of shape 
which are not easily attainable on the throwing lathe. 
When this completed, a contrary motion is^ven to 
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the spradle^ turner applies the flat part of his tool to 
Fig* 2 , 



the vessel, aiyl using a gentle pressure, produces the 
requisite smoothness of, surface and solidity of texture. 

In those considerable establishments which are fur^- 
ni^ed w^th a steam-engine, the throwing and turning 
lathes are both actuated by To the hrst of these 
machindi$ then given by meftns oi two t^righC 

cones, plac^ opposite to each otlier.; tlie apex of the 
one answering to tlie l^se of tlie other. One of these 
cones receives mofjon directly from the engine, and 
commiini(!ates it by means of a leather strap - to *tlie 
other. By tliis arrangement the hori^bntal strap has 
^ways an«cqual tension to whichcvjE^r parts of tlie cones 
it is applied^ the enlargement of the one answering to 
the diminisliing diameter of t^ie other ; but the speed 
given to tlie lathe wAl depend upon the position on the 
driving cone which the strap occupies : if •tlus is at the 
the smalf part, the driven cone, and cohsequently, the 
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revolving-board of the lathe will travel more slowly, and 
its revolutions will, on the other hand, be Accelerated in 
proportion as the strap is made to occupy the larger part 
of the driving cone. * When the strap takes its position 
on the largest part^of this, it will apply to the sm^est 
pasrt of tile driven cone, *and the i^eed of the lathe will 
be at its maximum. The position of the strap upon the 
cone is regulated at pleasure by a winch, a boy in at- 
tendance mpon which foilows the direc^ons of tlie ' 
thrower. Whfen the article finished the strap is 
thrown off the driving cone, and the motion of the ladle 
of CQ)iirde ceases. 

The turning lathes, •when actuated by the steam- 
engine, are arranged in a row, the whole length of the 
rootn, through wdiielrrups a horizontal shaft, and this 
has fixed upon it, opposite to each^athe, a drum, ♦straps 
\in’whkh coiinecjt the shaft with the latlies. I’he Speed 
o^the lathes is regulated by providing ■‘pulleys of dif- 
ferent sizes, upon any one of which, the strap may be 
guided by the turner during the r^olutions of the 
spindle. AV^hen the turning of the vessel is finished, tlie 
strap is transferred tp another pulley connected by a. 
crossed strap with the spindle, vrhich by that means has 
a reversed motion communicated * to it, and the article 
under operation is smoothed and,}>olishji^l in the manner 
already described. * » 

g A milled erige is given th earthen war e ii^wh at js called 
An Ingxne fathe. Where, in addition to T&e i‘o|ary motion 
communicated to the article, it has likewise a horizontal 
movement to and fro, enabling thc;ivorkman to make 
the/equisite incisions at proper and*defimte intervals. 

When the vcsjsels are ftiken from the, turning-lathe, 
they arc delivered to *the» handler, wrho fixes upon them 
handles, spouts, and •other appendages of that natures 
niese are affixed to the vessels by means of slip, "with 
which the parts brought into contact ^re moistened. Being 
then left for a short-time to dry, the junction is found to 
be perfect ; anft with a knife the superfluous c^^y is re- 
moved from about it : the whole vessel is next cleaned 
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with a damp sponge^ whidi moistens the whole dually, 
and gives uniformity to its apiKiarance. 

Handles, spouts, and objects of th#t nature are made 
with the aid of^ a press, cohsisting of a small metallic 
cylinder, which has an aperture ih the centre of its 
bottom, to wKich pings with dHFereiAly shaped orifices 
* are fitted. It has also a piston, actuated by a screw, 
which works through an iron bow attached to opposite 
' sides of the cylinder. The aj)£Tture in the bt|ttom being 
furnished with a plug of the desired form, and the 
cylinder charged with clay, the piston is inserted, and 
by the turning of the screw is forced down upon the 
clay, causing it to'protrude through the aperture in the 
proper shape. This being cut into lengtlis, and bent 
into the required form, is, when sufficiently dry, affixed 
to Uietivesscl as already mentioned. If the clay is re. 
quired to take a hollow cylindrical form, as it must for« 
spout^ a pin of the same diameter as it is wished io 
give the tube is fixed above the centre of tlie plug. It 
is, obvious that sotiie ornamented spouts cannot be made 
by this means. For*forming such, two moujds of plaster 
.must be prepared in the manner hereafter described, one 
half of the fig?ire being impressed in each of the moulds, 
which must fit together, accurately. Clay is tlien forced 
into each mould, and the superfluous quantity being cut 
away, leaving stitl a small portion above t}ie®level of tlie 
moulds, the two are brought flSrmly togetfaei- to unite the 
two halves article. Tlic inoulS is then dividedj 

the clay is removed, and riuished asr to its form witli 
suitable tools by the workman. '^Fhis as the oper^on 
known under the name of pressing. The moulds for 
the purpose ar^ made with plaater of Paris, (gypsum\ or 
the native sulphate of lime,) the.pectiliaf" fitness qf which 
material f6r the purpose, arises from its property of ab- 
sorbing water with very great rapidity, so that tl»e wave 
enclosed witliin it speedily drier in a sufficient degree to 
tf^Hver itself (according to the workman s phrase) easily 
from tlm mould. ® 

^ Small ornaments, such as figures, aflimals foliage. 
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and the Jikc, are more conveniently made by pressing 
the clay in plaster moulds^ or otherwise thbse are made 
of copper, which rnisst previously be slightly smeared with 
oil, in order to ensure the easy delivery ofi the ornaments. 
These are then aipxed to the vessel hy xpean» of .slip, 
according to the metliod ‘already described. It is in this 
manner that drinking jugs are so oommonly ornamented ' 
with figures in relief. 

In order to prepare the plaster for mahing moulds, 
it is first grouhfi between a pair jof stones, in a mill ei^- 
actly similar to that employed for grinding wheat ; it is 
neytt hmied in order to drive off tlie water which forms 
a considerable constituent part of its natural substance. 
There is an appearance of absurdity in thus speaking of 
boiling a dry earthy siibgtance; but the workmen who 
use the term, ate not very far wrong in their exprAsion. 
To all, appearance, ebullition goes rapidly on in '•this 
operation, and there is a disengagement‘of steam 'as in 
the boiling of watery fluids. When this process is com- 
pleted, the substance is always called botled plaster. Thl» 
evaporation is conducted in long brick troughs, having 
a fire flue running ijnder their entire length, in a • 
manner similar to the slip-kiln. The mart who super- 
intends the process, is obliged to wear a handkerchief 
over his mouth and nostrils, to prevent the passage of 


any particles* of the gypsum to his lungs, or stomach, 
such a circumstance having been found vewprejiudicial 
u health. ’ 


The plaster when* thus deprived of its water becomes 
a soft impalpable powder, but whep its natural pro- 
portion of water is again added, so strong is it;^ affinity 
for tiiaf liquid, and such ‘its capacity for again com. 
bining with itself that* poation of which it has been de- 
prived, that it attracte and condenses the wfiole, and* 
'vvill immediately set into a hard ami very compact 
mass, peculiarly suitable for the purpose here required. 

The consumption^ of plaster of Paris, in making 
moulds for plafes and dixies is so considerableji that in 
the district comprehending the Potteries, in Staffordshir** 
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many tons are annually worn out and thrown away as 
useless. * 

Articles placed in these moulds pa»t with moisture so 
rapidly, that wl^n put in a* very temperate stove, they 
will become d^'y enough fqr removal in two hours, and 
each individual mould is capable of bwng used for form- 

* ing four or five different articles in the course of a 
working day of twelve hours. The stove wherein these 

* moulds, withfttheir contents, are placed to dry, is a small 
rdbm built with bricks, and having ifooden shelves 
ranged round it, and over one another from the floor 
nearly to the ceiling ; it is heated by ivarm air con- 
ducted through it in an iron pipe. 

Moulds for producing simple wares, such as plates 
and dishes, and generally for such objects as are formed 
by prising, are simple in their construction ; but otJiers, 
which arc used for the third department^ that of casting,, 
call f 5 r much more art and skill for their invention aud 
execution. For thesey the taste of the modeller is put 
iiT requisition, c^ling for the exertion on his part of a 
liigh degree of skill and ingemuity in forming patterns, 
•"and adapting to them appropriate^ ornaments. To a 
perfect modeller, in the higher branches of the art, a 
man should have an ‘ Acquaintance witli the best pro- 
ductions of the classic, climes of (Ireece and Rome; he 
should be master of a colnpetent knowledge Df the art of 
design,; his fancy glowing originality, tempered 

and guidei}f*6‘3r*^iegance and projiriety of feeling, «n(J 
restrained by correctness of taste and judgmeut. To a 
man thus gifted, tljie plastic and well-tempered material 
wherewitji he works' offers little of difficidty in the exe- 
cution of his (ymceptioiis. « • * 

In the most consiijerable wprks^, anti where the pro- 
•prietors are ambitious of excelling, modellers are kept 
in constant employment. Other manufacturers content 
tliemsclves with bi\ylng new dnouhls from artists who 
compose tliem on speculation, and who arc sometimes so 
little scijipulous as to dispose of the safne pattern to 
spverai difierent purchasers. 
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For want of due encouragement, high degrees of ex- 
cellence in this art were formerly not of frequent occur- 
rence. Mr. We<lg*vood, to whom the x)orcelain manu- 
facture of P^ngland owes so many and such various 
benefits, proved ti^at' talent in tliis branchy of art n^icded 
only for its developemerft to be fostered and encouraged 
with liberality. I'his patriotic individual paid the sum 
of four hundred ]«)und8 to Mr. W ebber for modelling 
the Portland or Barherini vase, although the work 4 ;alled* 
for no originaf or inventive pqwers. Since that tinfe, 
English modellers have attained to such a degree of ex- 
cellence; that it is said any good njodeUer, with one 
qualified assistant, wouh^be able to achieve, in the short 
space of two weeks, the task wdiich occiTpieti Mr.Webber 
for many months, and w^ich was viewed, at the time, as 
an honouralde proof of both his tafent and induslfy. 

The. model, ,w’hen moulded by the hand, mdfet be 
tihnmed, carved, touched, and retouched witli sili table 
tools, constructed of metal or wodd, and sometimes even 
of ivory, for the more perfect finjslung of the whole 
coqiposition. • 

When dius complKted, the model passes into the* 
hands of the mould-maker, whose occupation is quite 
mechanical and distinct from th^t of tlie modeller. A 
strong casing of clay is first foinned and securely fixed 
round the model, leaving ^uflioient space between for the 
’'jiihstance of ^he iqould. Proper of plaster 

df Paris and water are then placed in a end the mix- 
ture's brfskly stirred, so that the water may thorouglily 
pervade the whole, which is then jioured gently upon 
andjaround the model, covering it ’in every part to the 
requisite degree vf t^^ickness. Upon th>s some heat is 
sensibly given out by tht> jdaster, and the whole is very 
shortly converted intd a hard compact mass, easily separ- 
able from the model, and found to exhibit a perfect im- 
pression of its form, aiiTl the iniifutest niceties of its 
ornaments. *T^uld is, after this, jdaced in a stove 

to be thoroughly dried, and is then fit for use.J 

Many articles were formerly made by casting, which 
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are now produced by the operation of pressing last de- 
scribed. Cdsting is now employed only for the fonn- 
ation of irregular-shaped vessels^ where much nicety is 
required^ and which need not have much strength. The 
casting operation is performed by intimately mixing the 
united clay and flint with ver;^ pure water to die con- 
sistence of cream. On pouring this dQution into the 
mould, the plaster quickly absorbs* water from that 
' whiqh lies in contact with its surface, hardening 

ieto such a degree, that on the |^ntral^and still fluid 
part being poured off, a coating of - clay will remain 
attadied to the mould. This coating haying ^beeii 
allowed further to dry during* a short time, a second 
charge of diluted day, but the consistence of which is 
much greater than the creamy ^fluid first used, is poured 
in, anfi adds to the substance of the first deposit. Having 
remained in the mould sufficiently long for this purpose.* 
tlie remainder of the semi-fluid is poured off, and ti'e 
mould, with its contents, arc set in a stove ; when suffi- 
chntly dry to allcf^ of separation, the article is taken from 
the mould, and left\intil it is brought to the grevn state, 
• when all imperfections are recti;fied by the workman, 
whose skill is»-exerted to render the vessel as smooth and 
as ])erfect as possible, «• 

.It is essential to the.excellence of all kinds of earth- 
enware, ^.hat the means' used for drying, it^ previous to 
the baUng should jiroduce •'au uniforip evaporation 
throughout Tfk^vi re substance. If foo much heat wen 
artificially employed, the surface might be ^hardened, 
while the internal part remained moist; and this Would 
be attended with disastrous consequences in the oven, 
owing to the unequal contrac1*ion that would then ensue. 
It is, for this reason, neccssa/ry to allow time for tlie 
gradual dispersion of moisture, which, however, may be 
advantageously expedited, by placing the pieces upon 
plaster shelves, whosg absorbent property would occasion 
the requisite drying in a shorter time, and witli increased 
regularit^Y and uniformity. ' ^ 
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CHAP. V. 

ON TIIK PKOCESgES OF FIRING AND GLAZING. 

SEGGARS. VROPeIi MAl'EHIALS FOR TBE&)e WANTl^TG IK 

SNGLAKD. NOT SO IK FHAKCE. •' — KUNGARHOW WORK. 

WHY msrONTINUF.I). GREAT FSTIMATIOK OF ITS WARES. 

CAUSE or SOPERI%RITy,--,USE OF SEGGARB. THEIR FORMS. 

— MOUE OP USING THEM. SEVRES M AK U Ij A CTORY^rr* IM- 
PROVED FUrIiACB. *^ITS ADVANTAGES. DESCRIPTION** 

CHINESE METHOD M FIRING. — CONSTRUCTION OF THEIR 

kiln;:. — care required in baking.— duration or process. 

-•-OVEN-MAN. TRIAD PIECES. ANNEALING. - — JUSCUIT- 

WINE-COULERS. GLAZifiO. — COMPOSITION OF RAW GLAZES. 

~ BAD EFFECTS OF SOME OF THESE TO THE PUBLIC — • TO 

THE workmen. — PEAKlClonS USE OF ARDENT SPIRITS.— 

m 

OLAZES INVENTED MY M. CUAPTAL.# — BY MR. HOSB^— POR- 
CELAIN GLAZF^ — FKEKCU GLAZES. PALISSY. — HIS EE- 

PErImENTS on* enamelling. HIS PERSEVERANCE AND SUF- 

* FERINOS. HIS .SUCCE.S.S, AKD CONTINUED FIR AIN ESS* UNDER 

I'ERSECUTION. — INFERIOR CLAZZA — UOW-PRICFJ) WARES.— 

GLOSS-OVEN. REGULATION OF TEMPER^ATU RE. — QUALIFIES 

THAT DETERMINE THE F.ECELLENCK CA'' PORCELAIN. — STONE- 

* WARE. — irs COMPOSITION, — LA. M BETH POrfERfES. — MODES 

or GLAZING. * ^ 

In the state whereto the vessel are now brought, they 
are ready to undergo the first application of fire in the 
oven. FoV ^liis purpose they* are placed in ijeep boxes 
called seggar^s, made of % mixture of fij;e clay and old 
ground seggars, which should be welUljaSW, and capable 
of sustaining the* most intense degree of heat without 
being fused. The porcelain manufacturers of this 
country labour under a considerabV disadvantage in this 
respect, being unable to* procure materials for the con- 
struction of these taseg fiiat will sufficiently withstand 
the direct heat of the furnace. This difficidty does qot 
ticcur in France, a fact which is assigned by our potters 
as one principal reason, for the bijtter quality of French 
porcelain. 

A porcehlin manufactory was carried on some years 
since at Nun’garroAv in Wales, but which is now dis- 
t i 
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continued. The wares produced in these wo^ks were 
perhaps superior in quality to any porcelain that hitherto 
has been made in any other part of jhis country. No 
expense was spared either in the procurement of ma- 
terials, or in coifducting the various* processes ; and the 
urant'of succeis on the parfc of the spirited proprietors is 
referrible solely to the deficiency of public patronage, 

* it being found impossible to procure^ a price for the 
goods which could adequate!} meet the cost of their 
raan^acture.*‘ Since the discontinuance* of this esta- 
bhshment, the excellent quality of its wares has been 

* more justly estimated, and the prices which are now 
eagerly given by amateurs and collectors for pieced of 
Nungarrow porcelain, are out ol* all proportion greater 
than were originally demanded by the makers. 

TJie materials of w^iich this porcelain is-cornposed are 
of the most refractory quality, and it is understood that , 
success in their conversion was only aCtained througl^' 
the expensive measure of sacrificing the seggars em- 
ployed, whiclis, owjhg to the high degree of heat whereto 
th^y were exposed, could never be placed a second turn' 
in tlie furnace. . * * 

The office of the seggars is to plotect the wares while 
being baked from the direct application of flame and 
from smoke ; the heat* is somewhat modified in its 
transmission tlirough thdin, and api)lics itself uniformly 
to each part of tlie vessels, tTbe cases 'are made of 

• various shaii|i£['«i|^ 5 ces, and dc]»ths, to 'suit Uie different J 
pieces they ure to contain, and somq judgment is re- 
quired in their composition, to fit them for the several 
kinds of pottery. 

To prevent any adHiesion cf ,jthe jdcccs to the s'eggkrs 
the flat bottom 'of each is covered fviilr a thin layer of 
fine white gaud. That this even may not adhere to the 
p6rcelain, the Chinese strew over the sand some dry 
kao-lin in powder. Pieces of any considerable size 
must each be encloscAl in a separate case, but smaller 
objects, such as cups or saucers, may 'be placed together 
to the imjtber of six or twelve, but in no -case must one 
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piece b*eb placed in or on another in the seggar^ and all 
must be so arranged that the heat will be equally applied 
to every part of ej^ch. 

In some instances.seggai^ are made having triangular 
holes in their si<les, Ibr the pprpose of admitting prisms 
of the same fornJ, wMch are inserted therein, hori- 
zontally, in order to support a greater number of pieoeo 
in a state of isolation within each case than could be 
accomplished by other mlans. I'he prisms thus used* 
must be compaunded of the same materials as thl?*fasB8 
themselves. This course is not pursued except with 
cx)mmon articles, and is adopted with the intention of 
economising the time, , space, and fuel employed for 
baking them. 

If the clay whereof they arc composed be well chosen 
and carefully managed, the seggaw may be placod from 
^fteen^to twenty several times in the furnace befor>| they 
Vc rendered useless. • ^ 

Some art is required so to dispose the cases within 
tlic oven, with reference to their shape, size, and the 
objects they contain, that the heat ‘shall be distributed 
as faithfully as possible, and that the sufficient baking of, 
all the different-sized \essels shall be accoirqdishe^l during 
the same lime. The largest ^Yid coarsest pieces are 
usually placed on tlie floor of tlie oven, which must be 
previously tovered wntli a laycf of sand. If tl\e beat lie 
not faithfully <listributctf through the whole area, some 
Ipicces would* he iAjured by excessive ilrfffR^hile otliers 
would be inadequately baked. The bottoms of the 
segjijars being flat, each, as it is placed upon another, 
forms a cover to that beneath, and ilie entrance of smoke 
is turlher prevented by placing a ring oj soft*clay on the 
upper rim of e^ch Ase.^ In tliis manner the seggars are 
built one upon anather, until they reach nearly to tlje 
top of the oven : the upper seggar in each pile is always 
empty. Each of these, piles, as^it stands, is called a 
bung; in building them up, intermediate spaces of 
about three hiches'must be left for the circulation of 
heated air throughout. 
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Although the privileges so long eiyoyed by the royal 
inanufactory«at Sevres, and which were accompanied by 
corresponding restrictions placed by &e French govern- 
ment upon priv|ite establishments, must have been upon 
the whole prejudicial to . the progi^ss of tlie art in 
France, these regulations had*yet in some respects a 
contrary tendency. Being secured in a great degree 
from the efiects of competition from without, the di- 
^ rectors of tlje royal works were enabled to prosecute 
epperiihents wkh regard to improverdents in their 
utensils and processes, from the adoption of which they 
might otherwise have been deterred by consideraiioi|s of 
expense. Suggestions appear to have been continually 
made, having such improvements for their object, by 
men who enjoyed the highesj^ scientific reputations ; 
and tli3 success of plans thus proposed, cdhduced to the 
incretsing celebrity of the establishment. , / 

Antong others, MM. de Montigny ^nd Macquer coi*‘ 
♦trived a form of furnace, wliich effected at the time of* 
it« adoption a vel*y great advantage. In that previously 
used (and the consltruction of which had been copied 
.from those employed in Saxony),^ the heat was so un- 
equally distributed, that it was necessary to vary the 
composition of the porcelain so as to render it suitable 
to different parts of tjie furnace. The improvement 
here noticed occasimied* the sufficient ejqifalisation of 
heat throughofit its area, and great incoi^veniencc w'as^ 
at once and1?6fflf][^>'tely reme<iied. ' • 

The arrangement v^hereby this important change was 
accomplished will 1^ Uxiderstood by a reference to*the 
following figures, which describe the elevation, section, 
and plan of the^^kiln. The sattie letters are employed to 
denote similar parts in the different*‘figures. 

, A is thb interior area of the kik. This is fourteen 
feet eight inches high, and eight feet three inclics i\i 
diameter: tlie walls i^ould be li^irt^e feet thick. BBBB 
are four air.flues placed at equal <listances in the cir- 
cumfereime. CCOC are hearths one fobt below the 
bajse of the kiln : tlie heat from these passes^ towards its 
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centre. • DDDD are openingg, eighteen inches square^ 
for the reception of the fuel. These opernngs are pro- 



iiided with mouth pieces of plate iron« E is a door-way 
in tlie side of the kiln: its sill, is three feet above thv 
Ef*r. 4. • 



ground ; its width is two feet, and its height five feet 
six inches. This doo/ is used ft)r the introduction of 
tlte seggars, within the kiln, after which it must be 
securely waU^ up. F is a square hole of ^hich there 
arc tliree in tlie entire circumference. These are»de- 
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signed for tlie introduction of trial pieces witliin^the kiln ; 
another simWar opening is left when walling up the 


Fig^ 5. 



•door-way E. The wliolc of there are provided with 
clay stoppers Vhicli exactly fill the holes, and which 
have projections wherel^ they can be removed or re^ 
placed at pleasure. G ?s the chimney in the centre of 
the dome^shaped roof ; it is a conical fi&rm, eightet^n 
inches diomej^gy^ the base, lessening to ^welve inches* 
at the top. # HIT' represent lour air-holes, placed over 
the openings F. These air-holes serve to dJVide .the 
draught, and consequently to equalise the temperature 
of the kiln,, I is a i^und iron plate, supportcjd on f»^r 
fnllars of the same metal, and placed ov/‘r the chimney 
to defend tjie opening. 

’ \Vlien the firing has been sufficiently performed, no 
more fuel is added, and so soon as the smoke from that 
already upon the hearths has p'a&sed away, the mouth 
pieces are entirely dosed to prevent die passage of air. 
Shortly after this, the cliimiiey G and the air-holes H 
are* also carefully closed, and the kiln is left, that the 
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coolinff />f its contents may go forward as slowly as 
possible. « 

Previously to tl^e adoption of this improvement, the 
kiln employed for baking porcelain was always made of 
a rectangular form^ ^having only one hfe-placc and one 
air-flue, which stdod at«tlie side opposite th that whl*reon 
the chimney was placed : an arrangement which ren- 
dered quite inevitable the before-mentioned inconveni- 
ence, arising from the uiitiqual distribution of heat. 

The extension of the art, and the xonfeequeni^oyi- 
petition among the manufacturers in Prance since the 
return .of peace, have compelled them to use the utmost 
ecdhomy in their various processes; -so that, while the 
quality of their goods has been fully sustained, the 
prices have been importantly lowered. These savings 
have been paotly realised through, tlie increased ^kill of 
^the workmen, but are more referrible to the smaller 
^proportionate ^luaIltity of fuel consumed, whicyl has 
arisen, not from any furtlier improvement in the form 
of their kilns, but through a better arrangement in 
filling them, whereby they arc now made to contain, 
eft each baking, nearly one third more of pieces than was 
formerly customary. * 

The potter’s oven is now always made of a cylindrical 
form, and very similar to the common kilns used for 
burning tiks,with the external aj’lpearance of which evfery 
one is farailikrly acquairted. The drawing here given 
6,) re[iesents the biscuit ovet)^’«inar7 used in one 
of the ei^tensive porcelain works carried on fti the city of 
Worcester, The furnace mouths of the oven are placed 
at certain intervals around it ; fro^ these the fire and 
hdted air pass into horizontal flues in the* floor, and 
tlience ascend through all the interstitiaf spaces between 
the bungs, until' th^ surplus heat escapes through ajn 
aperture in the centre of the roof. 

The Chinese subject jthe greatest part of their porce- 
lain to only one firing, drying the pieces sufficiently in 
the air to prepare them for glazing. This plan they are 
able to pursue^ because the nature of their nhterials is 
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such as to resist the entrance of water. Their* glaze, 
tlie composition of which will be hereinafter descnbed> is 
inudi superior to any used in European potteries, but 
requires the most intense degree of heat for its fusion, 
and consideraldef art is consequently required for Uie 
* • Fig. 6m • * 



management of the hre, as well as in the ^construction 
' of their OVenaMM»liJ;iese are bmlt in a 'most? substantial 
manner, so diat wh^n the five is at its greatest, height, 
the hand may be applied to the outside without any fdar 
of burning. The di^ft is promoted by placing the oven 
at the extreme end of a long narrow passage, which a<?ls 
as a funnel in su\)plying air for suppDrtifig combustion, 
the intensity of which is regu/atecl by four or more 
side apertures, or registers, which are opened or shut> 
according as the heat is required to he augmented or 
moderate. The hearth is placed in front, and occupies 
the whole breadth of the oven, The‘ piecei, which are 
placed in Ihggars, are artfully disposed in*' the oven, in 
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the miftiiier already described as followed in England. 
When t£e is lighted^ the furnace door is walled up, 
leaving only an ap^ture large enough for the introduce 
lion of fiid. The heat is ndsed gradually during about 
thirty hours, after which time fuel is incessantly supplied 
by two men, who Relieve efch other at initervals* TThe 
^ood used for this purpose is very carefully dried and 
cut into slender ^lets about one foot in length, that 
their combustion may be effected with greater rapidity. 

Great attention is necessary for pro|tfrl;^ condctclii]g 
the operation of baking. Vauqtoelin <mserves that the 
heat inpst be sufficient to expd all the moisture, and 
occasion the cohesion of^the parts whereof the paste is 
composed; but that, if carried too far, the texture of 
the ware becomes too homogeneal, and it is rendered 
brittle. It requires a d^ee of h^t sufficient t^ melt 
silver (4? 17^* Fahrenheit) in order to expel the last^por* 
\jon of water ffora clay : when this bgs been edgeted, 
it is found that the weight of ^lumina is diminished 
forty-six per cent. \ 

The process of baking usually lasts from forty-eigfit 
UP fifty hours, during which time the heat is gradually 
increased ; as it would be injurious to appl^ a very high 
degree at first. In order to ascertain when the baking 
has been carried far enough, the oven-man places trial 
pieces in different parts of the oVen, but so disposed that 
they can reacttly be take"# out for examination. These 
})ie(:es are rit]%s made of common Staf^^'a^:ire fire clay, 
which is found to^have the property of changing its 
colour with each accession of temperature. By com- 
paring these rings, therefore, witli J)ieces of the same 
clajf which have previously been sufficiently baked, and 
which serve as 8 standard, the actual progress of the 
wares in the oven may al any time be ascertained pre- 
cisely, and witli less trouble than attends the use of 
Wedgwood's pyrometer. ^ When the appearance of these 
trial pieces is judged satisfactory, *the firing is discon- 
tinued, die fiimac<P and ash-pit doors are closed, and 
the oven, with its contents, left to cool gradualiy during 
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twenty-four or thirty hours. It is not neces8aT3tlo delay 
the withdrawing of the pieces from the ov^, until they 
have become quite cold ; but the Ridden alteration of 
temperature would occasion ^hem to cracky if they were 
taken out while* their heat was greatly above that of the 
atmosphere. " * 

Some potters are (^pasionally tempted, when the fur-v 
nace contains articlet^f small value, risk the damage 
- here mentioned, and to withdraw the seggars with tlieir 
cantefhs withoi% delay, their object being to profit by 
tile heat of the furnace* either for introducing a new 
cliarge, or for drying a fresh sej of seggars. No one, 
however, would bfi so improvident as to expose the finer 
descriptions of porcelain to tliis hazard, in order to gain 
any such immaterial advantage. 

Frcrn the similarity of its appearance "to well-baked 
sliipAread, the ware is now called buruit. Its permc-^ 
aliility to water when in tliis state fits it for being env 
ployed in cooling liquids. If previously soaked in 
w/iter, the gradval evaporation from its surface by 
means of the air, Causes an absoqition of heat from 
, the surrounding atmosphere, which is again supplied fiy 
neighliouring ^objects, until an equilibrium of temper- 
ature is restored. ‘ * 

The proprietors of potteries arc accustomed to fumisli 
vases, urns, and other pieces of ornamental’ shapes, in 
the state of biscuit, to ladies* vdjo exercise their taste 
and ingenuttjpftk embellishirig tliem'’by {minting afndt 
gilding, l^e^ng then returned to tho manufacturer, the 
glaze is applied, the Imkmg is finisheil in the gloss oten, 
and the fading is fkirnished by means that will be de- 
scribed heWfter. • 

If it were attempted to apply thf gl^ie to articles of 
porcelain fUid earthenware, without their previous con. 
version into biscuit, their texture and shape would be 
ii\j lived by the absorjition of, water from the glaze. 
Neither would it, for the same reason, be possible to 
ornament the ware by painting, or to transfer patterns 
to their ^face by printing. There is knotlier reason 
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given Sbt the necessity of this previous baking, in the 
greater cong-actibility of the clay than of glaze, 
which woultl crack, or peel off if the limit of contraction 
had not been previously attained. It will be reinenu 
bered that the shrinking of clay upon the application of 
heat is permanent,' and that no alteration of its bulk’ will 
«cur, unless it be subjected' to a still higher degree of 
temperature. By limiting, theriHre, the heat of tlie 
gloss oven in which tlie baking is finished^ below that 
applied to the •biscuit, the evil of cra||^ing the^raz*^, 
though the contraction of the \<fare, is avoided. 

The, glaze usually employed for common kinds of 
eardienware is compoun4ed of litharge of lead and ground 
flints, ih tlie proportion of ten parts by weight of the 
former to four parts of the latter. Cornisli granite is 
sometimes substituted f(h flint, apd used in th<^ pro- 
^portion of eight parts to ten of litharge. This method 
hf glazing is objectionable on account of the injury 
which, notwithstantling every pi;ecaution that can be 
taken, it occasions, in its application, Ao the health 
the workmen emplo*yed, who frequently are seized with 
paralysis; and because the lead, which is soluble by 
means of acids, and highly poisonous, renders vessels 
thus glazed improper for preparing or containing many 
articles of human food. 

The bad* effect of raw glaz€s*upon their health, is 
greatly lesseiftd to the «vorkinen when ,they can be 
JiTQUgbt to the frequent use of abli^«»..-< Iff every 
pottery the men eipployed in glazing, should* be, and in 
moat establishments tliey are, plentifully supplied with 
soap, which they are enjoined to u^ft on every occasion 
of Quitting their work, , Unfortunately, hoAlever, tlie 
workmen themsrive^have become erroneously impressed 
with a belief in the^ superior efficacy of ardont spirit^ 
ip warding oft’ or counteracting the poisonous effects of 
lead, and fly to the use of this as a specific, to a degree 
which too often proves, both phy*sically and morally, 
worse than the evih which it is intended to prevent. 

The mixtures just mentioneil are called ra^ glazes ; 
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their employment is convenient to the potter because of 
their cheapness and extreme fusibility. which 

temainB unaffected in the focus of tlie most powerful 
;lens^ is^ when comlnned with lead, melted and vitrified 
at A' comparatively low heat. The method of using this 
glazb is to reduce the ingredients to l^e state of a fine 
powder, and throw them into as much water as will 
make them of tlie consistence of thin cream. The 
mixture must be well stirred, that Ihe powders may 
%^t^ys kbpt uniformly blended throughout the fluid. 
The pieces are first brashed to free them from dust, 
and then merely dipped into the liquid and withdrawn, 
when tltey must be turned rapidly about in all directions, 
that the glaze may flow equally over the whole surface. 
The superfluous liquid having been allowed to drain off 
for a /ew seconds, aqd the pictcs having, been set on a 
board during a few minutes, they are ready for insertion 
in tlv* seggars. • ’ ^ 

Chaptal, in his CJieraistry applied to the Arts,” has 
given a process fgx fonning white enamel, which answers 
well for glazing the superior kinds of eartlienware and 
tender porcelain. Equal parts of lead and tin are kept 
in fusion until completely oxidattd. The powder thus 
formed is ground with water, all impurities are removed 
by repeated washings, aiid being dried it is kept for nse. 
Tlie whitest flints afe then chosen, and, fused with 
carbonate of potasli, the lattoi; being in sneh proportion 
to the flintftho^^the mixture will be soltble in wf^cn 
To the solution of flint thus made, pauriatic acid must, 
from time to time, he added, until no furtfier preci- 
pitation occurs. TJie precipitate thus obtained is pure 
silex, which, being washed apd dried, is also fit /or use. 
If then one part of this silex, and ont part of the me- 
^tallic oxide, be added to two parts of carbonate of potash, 
and the whole be fused in a crucible, the mass nej^ 
only be reduced to a fine powder to prepare it for use 
in glazing. 

Mr. John Rose, of the porcelain works 4tt Coolportjn 
SbiopaHire, speaks in commendation of a ^aae for blM 
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porcelflSln ^^bich be has used for some time^ and whkh 
having been examined by competent artists, at the re^ 
quest of the Socie^ of Arts, lias been re}>orted on very 
favourably. Mr. Rose's glaze is composed of 27 parts 
of felspar, 18 of borax, 4 of Lynn sand, 8 of nitre, 
$ of soda, an<l 3 of the China clay of Coinwall. This 
mixture is melted togetlier and ground to a fine powder; 
3 parts of calcinejl borax being added previously to the 
grinding. 

Glazes for porcelain and the finer kinds of e:.Tdifen, 
ware are generally made with wliite lead, ground flints, 
ground, flint-glass, and common salt ; Lynn sand com-* 
binfcd with st)da, as a fiux, being frequently added to 
the ingredients just mentioned. Almost every manu- 
facturer uses a peculiar glaze, the recipe for which is 
kept secret by. him as much as possible, under the idea 
^ of its supi’riority conjpared with that employed by his 
qonipetitors, so that it is not possible tq state propositions 
with accuracy, 'fhe French porcelain makers have given 
tlie composition of hard glazes made bp them, whidb 
all said to be formed of flint, grciind porcelain, and 
Crystals of calcined gypsum, in the fallowing difierent 
proportions : — 

No. 1. , No. 2. No. 3. 

Calcined flint - - - 8 pkrts 1 7 parts 1 1 parts. 

Ground po];celaiii ---15. » 1() 18 

Crystals of calcined gypsi^n 9 7 12 

5 Jt is necejisary <o vary the composi^wi of the glaze, 
in order to suit tjie difterent materials that form the 
hotiy of the ware, since that would he a very fine glaze 
for one mixture of earths, whi^ would be \vholly 
inJ(}pri)priate to another,, proving deficient in lustre and 
being liable to erack Before adopting ady glaze in con- 
junction with a particullr kind of ware, it isanost pru- 
dent to make trial of it upon a small scale, in order to 
prove the suitableness of the bodies to each other. 

This brandi of the potter s art !s greatly indebted to 
^ extraordmary perseverance of a singular man, Ber- 
nard de ft native of France, who wat bom in 

’ F 2 * 
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Agen at the close of the fifteenth century. His |>arents 
occupying a Jiumble station in life, he was entirdy in- 
debted to Ills own unquenchable energy and perseverance 
for the success which crownfed his industry. 

The original occupation of PaKssy was that of a 
dradghtsmanj* to which pursuit he 'added land sur- 
veying. Accident having thrown into his hands an 
enamelled cup, he was immediately seized with the de- 
sire of improving the art, and 'thenceforward relinquisli- 
other occupations, gave up hrs whole time, 
mind, and substance, ifiiring several years, to tlie pro- 
secution of experiments on tlie wnnposition of enamel. 
He has himself given a narraiiye of his labours^ safri- 
fices, and sufferings, during the piogress of his pursuit, 
which is intensely interesting. 

In, this accoujit, I^ilissy represents himself as alter- 
nate!^’^ planning and building, deinolisbing and rebuild- ^ 
ing his furnace, at every step buoyt*d up by hoj)e, aiwj 
as often met, but not ^ubdued, by disappointment; the 
object t)f remonstrance and derision to his associates, 
subject to tlie exjiostulations of his wife, and witness to 
tlie silent but more eloquent reproaches of his childrcif. 
In other respects Palissy proved Itiinhclf an amiable as 
well as a highly gifted man ; for, notwithstanding tliat 
his efforts were ultimately crowned by success, — tliat 
standard whereby die ‘■judgment of mankind is most 
easily and thepfore most usua’ly fonned, — one might 
hesitate ^io apphwc'J a tlegicc of perseverantfe which, for^ 
so long a titne, materially interfered with the welfare of 
lus family. Amidst all this scene of deprivation «n/J 
disappointment, Palj^sy bore outwardly a cheerful coun- 
tenance, and, throughout the lengthened trial, confided 
witliin the dungeon of his own hret.>st, those feelings of 
bitterness <-which he has so forcibly described as being 
his portion. 

The extremities to which he was at one time reduced 
were such, that to provide fuel for feeding tlie furnace, 
his furniture and afterwards even aonie of the wood- 
work of Viis dwelling were destroyed ; and in order to 
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EEllence. the clamour of his assistant workman for the 
payment of wages, he stripped himself o4‘ a l[)ortion of 
hia apparel. At* length, however, these eflTorts were 
rewarded by complete success; and faiye, honours, and 
independence were thenceforyrard his attendants through 
a long career of useful ^occupation. 

Ps^ssy's after pursuits 'were of a more general cha- • 
racter, embracing the sciences of agriculture, chemistry, 
and natural history, upon which subjects Jie both ^rote* 
and lectured witli ability and success. • 

Nor did the firmness of his Miaracter forsake him Ibr 
a moment to the end of his life. Being a protestant, 
an*d having ventured, mi some of hi*s lectures, to pro- 
mulgate facts which made against the dogmas of the 
]»riests, he was, when in liis ninetieth year, dragged by the 
infuriate zeahof these fanatics to*the Bastile, and died, 

^ with consistent firmness, writhin its walls. His heroic 
^reply, while thus imprisoned, to Heury III. is above all 
praise. My good man,” said the king, if you 
cannot conform yourself on the matter of religion,, I 
sliall be compelled to leave you ih the hands of my 
^lemies,” — Sire,” replied the intrepid old man, I, 
was already willing to surrender my lifc,,and could any 
regret have accompanied the syction, it must assuredly 
have vanished upon hearing the great king of Franca 
say ^ I aiA compclh'd.’ sire, is a cort^ition to 

which those who force y§u to act contrary to your own 
f good disposftion Van never reduce because I am 

preparerj for death, and because your whole people have 
not the power to compel a simple potter to bend his 
knee* before images which he has i^&dc.” 

great is the coiiipt?dtion among potters fn the pre- 
sent day, that Ineatis wjiich are injurious to their real 
quality are frcquonrjy a<lopted for rendering fheir war^ 
less costly. Some makers arc hence tempted to the em- 
ployment of materials t^at will enable them, at a mode- 
rate price, to furnish articles apparently good, but which 
will speedily*provc*dcfectiv c when brought into use. The 
saving which 1,he manufacturer is able to effect through 
y 3 
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the adoption of an inferior glaae^ consists not so much 
in the actual* cost of its component parts, as in the 
smaller t^uantity of fuel required foi^ its vitrihcation, 
and in the shorj^er period of time demanded for its 
conversion, ^ ‘ ^ 

The earthenwares offered, at low prices, by hawkers 
and pedlers, and at inferior shops, are mostly composed 
of clay that will not bear a proper degree of heat in the 
*ovei\^ and arq covered by a glaze so tender as to craze 
after a'^few cleansings widi hot water. If exposed to a 
high temperature, or if acids be applied, the glaze will 
be dissolved, and the vessels consequently rendered use- 
less. The quantity of lead whidi enters into the com- 
position of the better kinds of glazes is so small, that 
the deteriorating and pemicioijs eff*ects which attend 
upon fSie use of raw*" glaze need not be ‘ apprehended 
from their employment. 

Th6 Beggars used to enclose the wares when baked in* 
the gloss oven, are similar to those employed in the first 
firing. Previous* to their insertion, the pieces must 
have the glaze wiperf from the parts which immediately 
rest upon the bottoms of the seggars, otherwise they 
would adhere and might be broken in their removal. 
The cases are piled up in the manner alrea»ly described, 
and just that degree offbeat must be employed which 
will givc*perfcct fusion to the glaze and, canse it to 
spread regularly over the surface. The tenrperaturc, of 
course, varies a^rding to the qualify of the article 
and the composition of the glaze ; Init, for the reason 
already stated, it must never be carried beyond tlie 
degree to whicli the^ biscuit has been j>reviously ejt- 
posed. In pracrice, the tempt^Vature of file gloss* oven 
is generally less by about ten degiees of Al'cdgwood, or 
liSOO degrees of Fahrenheit’s scale, than the beat of the 
biscuit oven. * 

As alkaline substau.'^es are so powerfully instrumental 
in promoting the fusion of intractable^ bodies, it may be 
thought, Aat by increasing their proportion* when com- 
bix^ed with felspar, glazes might be formed that would 
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fuse at;«& sufficiently moderate for any description 

of earthenware, and that, consequently, the use of oxide 
of lead, which isi so pernicious, might be altogether 
abandoned : Imt another serious evil wjiidi would then 
be experienced preVents thi^ substitution. The glaze, 
if it contained beyond A certain portion of alkali, would 
not undergo the same degree of expansion by heat as tlte • 
body whereon it ii^laid, and would, as a consequence, crack 
to such a degree as, when brought into use^ would allow* 
any greasy mjftter to penetrate through to the Body t>f 
the ware ; and this would speedily destroy its co- 
herency. 

The qualities which it Is die object of the manufac- 
turer to give to porcelain of the finest description,, are 
density, whiteness, tran^iarency, and fine texture of the 
glaze. These properties are estbnated in the* older 
^ wherein they are here enumerated, compactness of^hodjy 
dicing the point which it is considered ..most desir^e to 
attain. I’he glaze, as seen in 4he finished porcelain, 
should not put on a lustrous appeartince ; but while 
beautifully smooth to the touch, sKould present to the 
rather die softness of velvet than the gloss of satin. • 
Tliis peculiar semblance will only be produced with 
glaze that melts with difficulty,, and when the heat has 
been raised precisely to, and not^ beyond, the point that 
IS necessary for its fusion, * • 

Stonew'are is a very perfect kind of* pottery, and 
Japproaches flearef than any other (ftIcrigLion to the 
character of porcelain. Its body exceedingly dense 
and compact, so much so, indeed, that although vessels 
formed of it are usually glazed, d»B covering is given 
to them more with the view of imparting an attractive 
appearance thaif of them from the action of 

liquids. When properly made and baked, *8tonewa»e 
i« sufficiently hard to strike fire from flint, and is as 
durable as porcelain. • • 

This kind of earthenware is composed of clay and 
flint. The proportion in which these ingre^ents are 
used is said tb vary iu difierent manufactories, and.it 
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is difficult to ascertain the precise quantities ejnployed 
ill any. The grinding and dilution of the materials is 
effected in the manner already deacribed^ and when 
these have separately been thus treated, tlieir union is 
commonly effected in the proportion of about eighteen 
measures of afgillaceous to fourteen measures of siliceous 
fluid. Any larger proportion of flint would render the 
compound more difficult to be worked; and if much less 
.were ust‘th the baked ware would not present a suf- 
ncienf^ smooth and shining a^qiearance. ^ 

The best descriptions, of tliis ware have very long 
been made in tlic potteries at Lambeth, the proprietors 
of which procure tlieir supply qf clay from Devonsliire 
and Dorsetshire, and purchase flint already ground from 
Staffordshire, where this material can be afforded at a 
cheaper rate than would attemi its preparation so near 
the rqetropolis. 

Tb? plan introduced by the two brothers Elers hf 
still pursued, of glazyig these goods by the dccora- 
pqsitioii of common salt throwui into the kiln, at or 
near the conclusion of the baking proctiss. Other glazes 
are likewise employed for many articles, and, according 
to the usual system, the particular components of these 
are also veiled in inysteryj ground glass is, however, 
understood to be the basis of all. 

One of the most considerable of the Laml.jth potters 
has recently announced the diit’ovcry of a glazing com- 
pound, which i»i^ufticientlv fusible without containing' 
a particle of lead, and wiiich has been proved capable 
of altogether resisting the action of acids ; it is used by 
him for coating the insides of jars and bottles of all 
descriptions. 

The different colours observ'able on the outer surface 
of drinkiiig jugs and other articlqs, is owing to the 
partial use of a glaze, the part to which this is applied 
becoming dark in the heat of the kiln, while the glazing 
of the light coloured portion is caused, as before men- 
tioned, by the introduction of salt. 

The f^hioiiing of stone ware pottery* is, in all res- 
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spectsj cpnducted similarly to the processes already fiidly. 
described. Sep^gars are mostly employed ibr enclosing 
the pieces during ^he baking, which usually occupies 
about forty-eight hours. * 

Vessels of considerable size, some l^ing capable of 
containing sixty i\nperial gallons, are ihade ii^ rthis 
manner, and are found lughly usehil in performing 
many chemical ojjprations connected with the arts. 
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CHAP. VI. • ^ 

ON TBN art of applying colour? AKR BNORAVINOS 
TO BARTHSNWABE., 

ANf&QVFTT 0F*£NAM£L COLOURING. SPEClMElfS FROM ANCISKT 

*»GYFT. FROM THE HOFAL ^OHKS AT SEVRES. PAINTED 

WARE OF WORCESTER OF .STAFFOUDSHIKE OF DEKBT 

OP TORKSHIRE. GREAT SFHV1CE5 OF MR. WEDGWt>OD IN 

THIS BRANCH OF ' THE MANfFACPCUF.. MYSTERY IN THE 

PREPARATION OF COLOURS. PUBLICATION OF rROCXBBKS BY 

M. BRONGNIAKT. METALLIC' OXIDES ADDITION OF FLUXING 

TODIES NECF8SARY AND W'HY. »— COLOURS EMPLOYED FOR 

TENDER AND FOR mA-D PORCELAIN. VEHICLE USED WITH 

THP COLOURS. MODE OF THEIR COMBINATION. — DfSCRIP- I 

TlOr^ OF COLOURS. PURPLE AND VIOLFT. RED. YELLOW. » 

— BLUE. — GREEN, — l|ROWN. BLACE. — WHITE. COM- 

POUND COLOURS,^— precautions NKCESSARY IN FORMING 
*rHOSE COMPOUND.H.^— GILDING. LUSTRE WARE. PRE- 
PARATION OF COLOURS. F.NAMFLLINO EILNS. TRIAV 

^ PIECKS.— METHOD OF GILDING AND pUKNlSHlNC. C'QPPER- 

PLATS ENOKAyXNGS. MODE OF TRANSFERRING IMPRESSIONS 

TO EARTHENWARES. HOW PERFORMED IN FRANCE. 

Th£ art ^of painting on* earthenware^ although of com- 
paradTely recent introduction dr to Kngladd, is by no 
means a inodem«i3yention. It is weLh knoi^n that the ' 
ancients manufactured coloured enamols ; and so;ne spe- 
cimens of the art, performed by the Egyptians more than 
three thousand yean^ ago, have been preserved to the 
present day^ which is an evlilen/re of this fact ; showing 
us, at the samef time, that, in so vemete an age, the 
artists of !B^gypt were possessed of sufficient practical 
khowledge of chemistry, to avail themselves of processes, 
which have been brought to bght anew by scientific 
investigators of more biodem times. 

Becendy, the art has been carried to an admirable 
degree of<^pezfection in Europe. Some specimens are 
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preservetl in the porcelain^vorks at Sevres, of which the 
French artists are justly proud ; while the performances 
in our own potteri^ at Worcester, in Btafiordshire, at 
Derby, and yet more recently in Yorkshire, are such as 
entitle them to be plaeed in an equal ranl^ with those of 
our continental neighbours. ’ * • 

When, about seventy years ago, Mr. Wedgwood com. 
menced the series of improvements, by which his name 
has been rendered so deservedly celebrated throughout 
Europe, no attentpts at embellishment had be^n made^, 
the English potteries ; and if ofnamented services of 
porcelain were seen on the tables of the wealthy, they 
were* always of foreign, pnd generally of oriental pro- 
duction. , ^ soon, however, as, by the intrinsic merit of 
his wares, this enterprising manufacturer had secured 
not only the patronage of* royalty, the more |olid 

support of his countrymen in general, he called ^to 
a^^on the crudblfc of the chemist, and the pencil of*^ 
artist, and led the way in bestowir\g that degree of out- 
ward embellishment on his productions, Vhich converted 
tliem into objects of elegance, and at» once encouraged^ 
and gratihecl the growing taste for luxury among the 
higher classes in tliis cduntry. 

The system of mystery still preserved in the English 
potteries, in all that respects the composition and glazing 
of ware.s, was likewise long practised with regard to the 
prefmration of Colours. Jf^at any time, a manufacturer 
liAd .found ouP a preparation more advAstageouB than 
that in use Injfore, lyi always endeavoured to* limit the 
benefit of* tlie discovery to his own works ; a desire 
more easy of accomplishment formej^ than it has be- 
cxmj^siivre the more gene^ diffusion of the digbt of 
science. M. Brongniert, at one time dfrector of the 
national manufactory jf p*orcclain at Sevres in* France, ^ 
ha^ the merit of being the first who published a correct 
statement of the most approved plans for preparing and 
combining the metallic oxides usetl in colouring por- 
celain and glass. 7Hie employment of these BubBtaneCs 
for such purposes had been long before and'boiAmonly 
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practised^ and the art was ewn carried by some of its 
professors, to a hi^h degree perfection ; but^ as M. 
Brongniart observes, no attempt Iiad been made at the 
time his essay was written (1801), to apply to it the 
principles of I’hemical science ; ami such pretended de- 
scriptions <iis had then been published contained no 
theory, ami consequently no general principles. Where 
even tlie authors did offer explanations, these were 
founded upon the most ridiculous hypotlieses; so that all 
illlprovein^nts were rather the offspring of chance than 
the result of systemau-c enquiry. 

It would afford hut little satisfaction, or information, 
to relate by what steps the arj now under considciadon 
was reduced into a system, and thus became, in some 
measure, dcservirM^f the name of a science. It will be 
Buf^cient to statf^e inean^ by whicli that art is now 
rei^4^rcd available in the l)est conducted ]>orcclaiu works. ^ 
In great part of the following description, Ilie lucid 
statements given by ^I. llrougniart in his essay will he 
closely follow’cd ; since, with scarcely any variation, the 
'same processes have l)eeu used in botli the French and 
English establishments to the present <lay. 

In this branch of the art theic are various objects to* 
be considered, a pcojier acquaintance with i%hich is 
necessary to success. Such are, the composition of 
colours ; the fluxes which arc necessary tc^ reiRU.T these 
fusible, which unite them ti> tlte wares? and in many 
cases impart Jjrilliancy to their tin*s ; tUe vehicle ^em- 
ployed in’ laying on the colour**, ^ud the course to be 
pursued in fixing them on the porcelain by means of 
heat. 

Metallic oxides form theba?es of all ^^trifiable colours, 
but every metallic oxide is not proper for being cniployctl 
in decorating porcelain. Some are highly volatile, as 
tlie oxides of mercury and of arsenic. Others part so 
freely witli the oxygen they hold in combination, that 
their colour proves uncertain, and varies with every ap- 
plication of heat ; such are the puce-cojoured and red 
oxides iead, and the yellow oxide of gold. Oxides 
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which arc susceptible of great variations are very seldom 
employed. Black oxide of iron is not used* alone for 
producing that colourson porcelain ; and the green oxide 
of copper, as formerly prepared, was so micertain that 
it was very rarely emplflyed ; bijt this evil has, since the 
time of M. Brongniart, bedn greatly remediecl. 

Oxides uncombined with other substances are not sus- 
ceptible of fusion ; aRtl although they may be attached in 
thin strata to vitrifiable boifies by a very violent hea!|^ 
yet their colours, With the exception of lead and bisnfftth, < 
wouM, in such case become dull, and possibly be even 
destroyed^ In order to promote their fusion, a flux is 
therefore added, the composition of which varies ac- 
cording to the means employed for diluting the colours 
at the time they are used. WheipKa volatile oil is 
dioscn for this dilution, a flux compiiS^ of glass, niSre, 
oryLi hora^ is most proper ; but wdien, as in tlie SeviCB 
manufactory, gunil water is substituted.for this volaSile 
oil, the flux must be varied, becawc borax cannot he 
ITToporly diluted in gum-water. A compound of glass, ^ 
lead, and silex is therefore preferred bjf M. Brongniart, 
who, however, has given no directions regarding the 
pro])orti(ms wherein these bodies must be br^mght toge- 
tiler. I'hc other menstruum, whicli'is recommended by 
M, de Montamy, in his treatise on painting in enamel, 
is composed df * ^ / 

I’owdered gMss 40 parts. , 

T • Valcitied Iwrax * »• ^ * 

, Refined nitre - 44. 

It is indispensable, not only that the borax and nitre be 
as pure as they can be rendered, but giso that Jhe glass 
shall iiot von tain the smallest particle of lead in lls conw 
position. These iiffjnrcitients must first he well triturated 
together in a glass inoytar, with a pestle of the same 
material, during an hour, and dien exposed in a crucible 
to the heat of a charcoal %e, until tjie sw’elling, which 
for a time accompanies the fusion of the mass, has ceased. 

• Mr. Tilloch roniRrks MaR vol.li.) that borax fsbouW bfe iwert 

■pm-ingly, oti it cau»e& <SHurt»ct!nce, and promoter ti)e decay ol‘ th#cnanve& 
ooluura. ii* ^ 
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By means of this flux the colours are fixed* upon the 
porcelain, ind made to assume a resplendent appearance ; 
the metallic oxides, being enveloped by the flux, arc 
preserved from all contact* with the air, and tlieir colour 
is' rendered permanent ; the fusion having been pro- 
moted at a^einperature too low for their destruction. 

Trial sliould be made of the habitudes of <liflerent 
colours in combination with tljeir flux, in order to de- 
termine the exact quantity* to be employed with each. 
4 Vaiijus substances vitrify with greater or less facility 
when thus combined,' and the greatest carefulness and 
skill are consequently required, so to proportion the 
relative quantities of each, that not more of the flux 
sliall be adde<l than is necessary to cause a perfect vitri- 
fication. If too little were used, the colours, although 
they might attach^ themselves to the porcelain, would 
D^vertlieless be dull ; and if too much, the colours would 
ru;:, their outlines would not be sufficiently decided, and 
all the finer touches of the artist W'ould disapjiear. It 
^has been rema -ked, that colours which require for their 
fusion more than six times their weight of flux, do not 
flow with sufficient facility ; and, as they cannot be ap- 
plied with ^ pencil, so as to protiuce a satisfactory result, 
should be rejected, • 

Such metallic oxides as w'oukl have their colours 
by a strong dr' often rejieated heat, are employed 
after being mixed with the,*' flux, butVithout having 
been previoucly fused with it. In many cases mctahic 
oxides are first fused with the requisite proportion of 
their flux, and are then ground for use. 

Enamel is glas^ made opaque by the oxide of tin, and 
rendered fusible by the oxide of lead. All g^azu^ that 
contain leacT participate iti the pro^ierties of enamel. 

^ Raw ghees used for covering tender porcelain are of 
this nature. The colours emplo/ed in painting this 
porcelain are those which serve for painting in enamel ; 
they require less flux tlian oAers, because the surface ti 
which they are applied becomes soft enough to be pene- 
trated'^by them. Hard jHircelaiiij whose nature ia iden* 
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tical those of China and Saxony^ has two kinds 
of colours applied to it Those of the firs^kind^ which 
are used in the rejpresentation of different objects^ are 
baked in a heat much belosv that necessary for bakiiig 
porcelain ; while tha other colours^ wbteh are few in 
number^ must be eSeposed to die highest d^ree reqtftred 
by the porcelain itself. The glaze used for hard por- 
celain has little or no lead in its composition. The 
Sevres manufacturers^ and some few in England^ em- 
ploy fel^ar wi(^out any mixture of lead. * Thisaglfift^ 
when exposed to tlie heat of the^loss oven^ dilates, and 
its pores are opened without becoming soft, so that die 
colours are not absorbed hy it^ and do not undergo those 
changes which occur when they are applied to tender 
porcelain, where, by mixing with the body of the 
enamel, they become faiift and instinct. This ^ect 
is much increased likewise where some particular c^urs 
kre cm{^]oyed, and especially the reds produced ^m 
iron, which are exposed to die destructive action of the 
oxide of lead diat is contained in the *glaze. Painting 
on tender porcelain must, for diese seasons, be severe 
times retouched with the pencil, in order to give to it 
die distinctness and brilliancy wliich follow the of 
the same colours on hard porcelain, so that a high de^ 
gree of ornament is seldom or never given to any but the 
latter description. In the embelfishment of hard por. 
celain, these retouchings a|pi not required, except for the 
jioist elaborates specimens of the art, whiph can by such 
means, however^ be j)roduced with the most^admirable 
degree of *perfe<Jtion, so as to render paintings on jwr- 
celain not distiuguish^le from the fhmst productions of 
the «i)ic^orial art, witliout^ reference to the body upon 
which it is perfoime4 oi" to the means us^ for bringing 
lAit the colours; natural* objects, landscapes, portrkita, 
and even historical pieces being represented with all the* 
truth, as well as with all the brilliancy of ccdourii^, 
which distinguish the wofics of the first masters. 

One great iyconvanience attends the repeate(}.ex|i08iiie 
to the beat of the oven nf piec^ thus retouebid ; the 
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colours bdng liable to peel unless the greatest eaie 
has beai used in their application. This defect has been 
remedied in the Sevres works^ by introducing a calca- 
reous flux into the felspar glaze^ which softens it^ with- 
out at all affecting the body of the ware. Soda and potash 
are ‘never usbd as fluxes^ their inttoductitm causes the 
colours to scale ; tlie reason for which is^ that^ becoming' 
volatile in a great beat, tliey ahandof the colour^ which 
flien will not adhere to the glaze. 

< *Tho liquid matter which serves, as a 'vehicle laying 
on the colours, is rubbed with them upon a glass palette 
until the whole is intimately united. The mixture 
must be brought to that state qf dilution which is most 
Xiroper and convenient for its application with a hair 
pencil on the surface of the porcelain. Great care is 
usedkin the choice, and mankgemei|it of these diluent 
liqwdfi^ which must always be soiflciently volatile to be 
entirely dissipated in the heat, to which the wares arc 
afterwards exposed. In France, the preference is given 
^ oil of lavenden as a vehicle ; dUd in order to ensure the 
proper degree of ^uidity,' this oil is divided by distil- 
lation into two parts : that which flrst comes over being 
die most volatile, and having jthe least density, i.s used for 
diluting the colours they become too tlack ; and, 
on the other hand, the portion that remains in the retort, 
having ^the opposite qhaUties, is reserved fox thickemUg 
,€hem when they run too ^ecly. (>U of turpentine, 
which has beeiv some time in store^ is more ^ene^rallf^ 
used in England, and is said to answer the purjxise 
better than any other voladle fluid. * 

It was remarked, by Brongniar^ whose practical know- 
ledge qtKalifled him to judge correctly on the«suijqet, 
that of all the processes for painting an glass and por- 
^odain described in works that' were in existence at the 
time his essay was published, there was not one. Jay 
ctrictly following which, the desired coloure could be 
produced. In describing these processes, one authorr 
had followed another without knowledge or examin- 
ation ; tnd even the treatise by jLeviel, which forms part 
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«f tbeVoluminottft work on arts and mauufacturoa; pid}.. 
lifibed under the auspices of tbe Academy^ Sciences in 
Paris^ is not fret from this reproiicb. Such want of 
correctness, from whatever cause it ms^ have arisen, is 
little honourable to the authprs, wKo if ej^en unal^e, by 
penetrating tbe v&l of ‘mystery wherein the manufac- 
turers shrouded thdr practices, to expose them correctly* 
to the wotld, migh^9 without difficulty, have ascertained 
tile truth or falsehood of that to which thej^ were affixing 
stamp of their authority. The course whtch tJfey 
pursued would assuredly fail of success in the present < 
day, when an acquaintance with cliemical phenomena 
is fto longer confined, .as it formerly was, to a few 
among the rarer order of students, and such errors 
would be certain of con^tation at the moment of their 
promulgation.* • • 

Purple and mokt colours are procured by dissolvings 
4old in aqua regia (nitrd-muriatic ac'id), and immersing 
a bar of pure tin in the solution. • The product thus ohr 
tallied is called, from its inventor, the^urple precijiitate 
pf Cassius, and is used very genejally for giving the 
above-mentioned colours to poscelain. A preferable* 
way of* preparing this precipitate is to dissolve Ihe two 
metals separately, and by tlie» ^bringing the solutions 
together in different proportions^ various shades of car- 
mine, viok%^and purple are obtained. Th^ first of 
these tliree tints is seldorif u&ed in porcelain wprks, fOr 
Jlthough extremely beautiful, it is also vei^ transient,, 
apd may, be easily spoilt by a small vxcess of heat, or 
by the contact of carbonaceous' vaiio^rs, a circumstance 
which is the less important, as it* place m^y be well 
aupplied by a rose colour bbtained from iron, and which 
is not liable to tfie sSme disadvantage. Carmine colour, 
when used for tender porcelain, is prepared with fulinit 
nating gold (made by dissolving the metal with aqua 
regia and precipitating viitli ammotiia), and muriate of 
silver. This comjmund is without any addition of tin, 
which shows ^hat an union of die oxide of tin^vith that 
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of gold is not necessary — as many have supposed 
the production of purple. 

Violet colour is also made with the purple oxide of 
gold, requiring ^he presence of some portion of lead in 
the f|ux for ^he developeipent of this shade. These 
three colours cannot bear ex|H>BiOre to the full iieat of a 
' porcelain furnace, in which tliey would wholly disappear. 
In using the precipitate of gold, it is^ixed with about 
'six ^imes its pvm weight of flux, and is employed with, 
out pre’^ously fusing the two bodies together. When 
first applied on the porcdain it is of a dirty violet colour, 
but by exposure to heat this passes to a most beautiful 
purple. It is recommended to (employ charcoal as fuel 
in baking tltis colour. Frequent exposure to the fire 
will materially impair its beauty. 

Red oxide of iroir, prepared by the* united action 
> ''f fiPe and nitric acid (the aquafortis of commerce) 
yields 'a red colour, which, although tleautiful, is les,<( 
brilliant than that produced from gold. As already 
suted, it is, howWer, preferable on account of its less 
liability to cliange. i Shades of red, deepening from rose 
' colour, and passing by the increased application of helit 
to brown, are*, obtained from iron. The flux employed 
with this oxide is colnposed of vitrified borax, sand, 
and a small proportion of red lead, and the colour may 
be used cither witli or without preNious fusion with its 
flux. Py tht mixture of bla§k and red dxi*les of iron, 
in difl^ht proportions, viirious sliades of itddish brown 
chesnut, &:c. are obtained. Red colours prod^ce<l from 
iron cannot be us<*il on tender porcelain, since they dis- 
apjjcar, iq, that case; ojgt exposure to heat. This 
must be ascribed to presence of lead in the gVaae. 
Several experiments, conductecj by**M.^rongniart, have 
proved this fact beyond all cwitroversy, 

A very permanent red colour is procured by calcining 
tile oxide of iron with doublarits own weight of com- 
mon salt (chloride of sodium). The processes used for 
this pur;^ase must be carefully conducted^ and (lie salt 
purified and decrepitated that is, subjected to the 
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action heat until all crackling noise has ceased. The 
oxide is procured by dissolving iron fittngs in nitric 
acid, and precipitating with salt. of tartar (sub-carbonate 
of potass). The precipitate must theQ be placed on a 
thin sheet of iron, land exposed under a^mufHe tp the 
heat of a charcoal hre; until it has taken a fine red 
colour. The two substances having been well tritu- * 
rated together in ^ glass^or porcelain mortar, are then 
calcined in a crucible, and the operitiop should* be 
carried as far as possible, without occasioning tffe vitfi- 
fication of the mass. When taken from the fire and 
cooled,, the compound is again triturated; successive 
poitions of hot water aie poured upon it, stirred, and 
tlien removed, until the water is no longer coloured. 
The fluid thus tinged is ^flowed to settle, and is, when 
clear, poured from the sediment, %hich is liien ifksheil 
five or^six times in fresh portions of clear water. * 

^ To .^obtain yelloio colours, for botti hard and tender 
porcelain, white oxide of antiraf>ny, .mixed with sand 
and oxide of lead, are employed, thcf latter suhstamce 
aerving as a flux to the pthers. Clreat carefulness is 
required in the prepiuatibn, as the lead frequently ap- • 
proaches, by reason of the heat, to a raetatiic state, and, 
in that case, appears in the form *of black spots on the 
wares. Oxide of tin is sometimes added, and when the 
colour is re^uiretl to be livelier, and approaching; totliat 
of saffron, rctT oxide of ii€b is added, tlie too gtgat red- 
JicsR of this being sflbdiied by the action of the^ead, in the 
fusion which the ingredients undergo^ previous to their 
application on the porcelain. The^ colours thus pro-^ 
duce<l are not susceptible of change, but if exposed to 
the Tull* heat cf a porceljflu furjlitce w ould be entirely 
dissipated. * * * 

Oxide of uranium^ mixed with oxide of fead, pro^ 
ditccs a straw colour, lly decomposing clpomate of 
potass, w ith nitrate of lead, w'hich#is a saturatetl solu- 
tion of lead in nitric acid, chromate of lead is precipi- 
tated, and this }>roYes a very excellent yellow colour. 

Naples yellolv is composed of i2 i parts of ceruse, 
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4 parts of oxide of antimony^ and one part each of 
alum and sal' ammoniac (muriate of ammonia)^ calcined 
together at a motlerate heat during ahree hours. The 
shade is varied ^by increasing or diminishing the pro- 
porltpn of SE(][ ammoniac.. The qlifjntity of flux that 
must be combined with this colbur for use is uncertain, 
and must be matter for experiment with the manu- 
facturer. j. « 

For the production of hlue^ well prepared and very 
pure oxide of cobalt is employed, mixed with a flux. 
Oxides of tin and of zinc, added in different propor- 
tions, give different shades, from a deep rich colour to 
a light blue. As the oxide of^cobalt is volatilised^at a 
high heat, it is impossible to place in the same case, 
white pieces, and such as are^ painted blue; since the 
fonnBr would certainly assume a bluish tint in the ope- 
of baking. This difliculty does not occpr with 
tender porcchiin, on which the cobalt is not volatilises^ 
as in the other case, owing to the heat being very in- 
ferior to that iftsed in baking hard i»orcelain. These 
blue colours, if they have been previouriy fused, do not 
change at all after their application. I'he rich smalt, 
known tmdepthe name of azure-blue, is only the glass 
of cobalt, mixed with sand. This colour must be fused 
ill a crucible, and reiljiced to an impalpable powder in 
an agat^- mortar, after w’hich it may be used in combin- 
ation with flex. ^ 

J’russia;" blue, which results from^ie union of hydnS 
cyanic acid with oxide of Iron, is very extcn,vvely used 
in the arts ; and being pTcpared on a large scale for sale, 
in vari()i\s parts of the kingilom, no nianufacturgr of 
porcelain tvill* undergo the trouble, or encounter the 
unpleasant circumstances atteryJanrupon its preparation, 
Smt will rather obtain the compamtivcly small quantity 
he may require by purchase. • 

Green oxide of kopper is ^usually employed for the 
production of a giecn colour. On ^precipitating in dif- 
ferent Tj^L‘ssels, by rncan.s of potass, soluflons of copper 
wliich are equally j>urc and concentrated, it is pcrcep- 
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tible that the precipitate is formed more quickly in some 
vessels dian in others ; and if these different products 
are separately collected, those which are most promptly 
formed are, when 3 ried, of a fine bright green, and pro- 
duce a correspondingcolouron porcelain ;• while those pre- 
cipitates which are deposited more slowly, form earthy 
and less dense particles of a much darker hue, and which, 
when applied to porcelain, yield a less pleasing colour, * 
and pass sometinfes to black during the baking. If, 
however, the jjreciiiitatcd oxide is previously fu^d with 
its flux, this change need not«be apprehended. Very 
pure oxide of cojiper is frequently procured by placing 
sheets of the metal in the oven wherein the ware is 
glazed. I^iixtures of yellow and blue are sometimes 
used in the composition of green colours ; some of these 
will not exist in the hcjft of a porcelain furnace. Va- 
rious shades of beautiful green may lie obtain^, by 
^mixin^, in ditK-reiu proportions, Prussian blup^Wf^h* 
the chromate of lead already tiescribod. A mixture of 
tlie oxides of cobalt and nickel, will* ^resist a very in- 
tense heat, but does not produce a genuine green : it is 
rtitlier an olive colour. 

Oxide of chroniiifln gives a beautiful green colour/ 
which is indestructible in tbe heat of a porcelain furnace. 
I'hat class of green colours, called celestial blues, can 
only 1)0 a{)])licd, according tft® Hrongniart, on tender 
wares : being partly coi#posed of potass^ they scale off 
Jfrotn hard pGrcehiiii. •• • 

Diflereiit shades of light and of deep rich brown are 
obtained from mixtures of the oxitles of iron. These 
must be fused witli thin flux befoi^» they are used, after 
wlflch. fusion they do n4)t undergo any change on the 
ajiplicatioii of llt*at# Russet grounds, tfnown under the 
designation of toi t^iise/sheli, arc produced iu this man- 
Qer, Felspar is employed as a flux with these colours. 

There is not any ineyillic oxiilc which alone will give 
a good l)l*jck. Oxide of manganese approaches the 
nearest to it. The black oxide of iron yields a very 
dull colour, u^iich sometimes changes to red.* The co- 
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lour-makers therefore unite several osities togetlier, and 
thence obtain^ a very beautiful black. The oxides thus 
combined are of manganese, the browji oxide of copper^ 
and a small proportion of tlife oxide of cobalt. A grey 
colour is obtained by omitting the copper, and increasing 
tlie pTroportioilate quantity of the flux: 

^ Cobalt, oxide of copper, and umber, in equal parts, 
reduced together to an impalpable powder in an agate 
mortar, prove a very good blick. 'rtiis must be used 
ivitH th'*ee times its weight of flux. Another black is 
composed of four parts - oxide of copper, one part of 
smalt, and one part of black oxide of iron, which, like 
the former compound, must be rubbed together to a fine 
powder, and used with three parts of flux. 

In the Annales de Chimie et de Physique, ” (VoL 20. 
1822^) directions are^ given £(ft the preparation of a 
beautiful black enamel, the verification of which on the 
J)h\\ our porcelain manufacturers is perhaps desirable. 
The experiment necessjiry for this purpose might have 
been somewhat simplified, if the artist by whom the 
directions are communicated had stated the proi>ortions 
wherein the ingredients should be brought together. 
The formula directs that chloride of platina, dissolved in 
water, should be mixe^l with nitrate of mercury. By 
then subjecting the precipitate which will be formed to 
a heat just sufficient t(i volatilise the proto-chloride of 
mercury, a black powder will .’ e obtained. 7'his is die 
enamel, Which iv ist be applied in the. usual manner, jn 
combination with a fluxing material. 

M. de Montamy in his treatise, to which allusion haa 
already been made, drives a recipe for composing a pure 
white colour, which is founds very serviceable hy ‘-he 
French artists iii forming their series of shades, as well 
as in the composition of tliose parts of their designs 
wiiich require to be represented in a brilliant wliite. 
Tliis colour is composed of one part of virgin tin, and 
two parts of common salt. 'Ine latter must be tho- 
roughly purified, by first dissolving it in distilled Water, 
then fllteiing the solution through paper, and afterwattis 
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evapofating it to dryness over the fire in a porceUin 
capsule. The salt, which is, by this made ex« 

tremely white, ipust be further exposed to heat in a 
crucible, until all decrepitating noise has ceased. The 
purification will ba yet more perfect,* if^ after filtering 
it, the solution il partially evaporated, i^d then placed 
in a cool situation to^ crystallise slowly. Those artists^ 
who are the m^st particular in their processes, select 
preferably from the resf such crystals as take the form 
of cubes. The next part of the process is tf plfTcp a 
crucible on the fire, well covered, to prevent the entrance 
of smoke or ashes. When this crucible is at a red heat, * 
th« tin is introducedj^ and is left until it is not only 
fused, but red hot, at which time the purified salt is 
addetl in the proportion already mentioned. Taking 
then a clean iron spatuTa, the en^ of which roust J;)e pre- 
viously lieaterl, the mixture is stirred until tl^p sub- 
^ stances are w^ll incorporate(l ly)gether. The 9radS[rie 
being then again covered, is ,to be surrounded with 
burning charcoal, and from time to^time, the spatula, 
w'hich must be always perfectly olean and hot, should 
•l>e introduced to agitate the mass. Wlien the end'of 
this spatula, in bein*g tempered by the heat of the cru- 
dble, begins to grow white, it is a sign that the calcin- 
ation is carried sufficiently far, and that the crucible 
should b(> removed from the fil-^; tJte calcinatjpn usually 
occupies ad hour for ihj completion. ^The compound 
r aliould nexf be bruised in a mortar of^glass of of agate, * 
and ag^in placed in a crucible whi^h is se^in the midst 
iVf burning coals and covered with a muffle.' The heat 
is then raised gradually, and cQUitinued during three 
hoiiri, when, on removing the crucible fronf the fire, the 
colour is fourfd to be hard, and requires some force to 
detach it from the yessel. This done, it must be pounded 
•in a mortar, and washed in hot water that has been fil- 
terctl or distilled, on^ fresh portions of water added, 
until the fluid has no longer any taste of salt. The 
white colour is ^lEterwards to be boiled violently with an 
abundance water in an earthenware velsel for two 
o 4t 



' PORCELAIN HANITFAOTURE* CHAP. TL 

hoRTS^ supplying liot water during that time to Replace 
the portion tliat is evaporated. When the supernatant 
water has become clear by standing, it must be p^oured 
off carefully. 

This white may be advantageouslywemployed in paint- 
ing wfth oil, a^f it mixes well witli it. Wiien used o« 
porcelain, it must be mixed with three times its weight 
of flux. The preparation of this colour will not succeed 
unless the tin is extremely pure, and it is essential that 
the. nicest possible degree of cleanliness riiould be ob- 
served throughout the operations. 

By making different mixtures of the various colours 
here described, every hue that can be desired may 'be 
(detained. It is not, however, so easy, as without due 
consideration it might appear, to produce these various 
shades.^ Great judgment in the selection vf materials, 
carefulness in their preparation, and knowledge as to the 
rSati^V proportions wherein they should be brought to- 
gether, arc essential to -success ; and an acquaintance 
with the science of •'hemistry is highly desirable. There 
are some colours which, if mixed, would mutually de- 
stroy each other, and on the exposure of metallic oxides 
to heat, changes ensue, which result not fVom the nature 
and habitudes of the colours themselves, but rather from 
tlie influence of the bwUes to which they are applied. 

It woukl he scarcely possible to treat satfsfactorily 
upon the inciting causes of all^N:hese variations, a full 
knowledge'of whitli can result alone from the practical 
experience of* the artist and manufacturer. 

Many potters do not prepare their own enamel colours, 
but purchase what th^y require from persons who manu- 
facture them for sale. Pome of these preparations are 
exceedingly costly, and as the tempt^tiiuV to adulterate 
thefu is conAiqiiently great, the potter should have good 
reason to rely on the probity of the colour-maker with- 
whom he deals. A fraudulent mixture, the detection of 
which would be imiuissible before its use, except by 
means of alchemical analysis, might be the hceasion, in 
Its results, of severe loss and disappointmenl. With the 
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exception of the great works at Sevres, this system oi 
purchaM^S their enamel colours has, for many years past, 
been very general* among the pottefs of France. In a 
report made to the French f^ovemment, by a commission 
appointed in 1819,* to examine into ^he progress of 
manufacturing imlustry in that country * occasion* was 
taken for offering congratulations upon this establish- • 
ment of an indep^ident occupation, as marking the great 
extension of the porcelain manufacture, and as offering 
to tlie artist weans of obtaining every shSde o# colour, 
prepared by persons whose intdfest is involved in ascer- 
taining their effects when submitted to the heat of the 
furtiace, thus removing all uncertainty from the oper- 
ations of the painter, and rendering it unnecessary for 
him to suspend his work that he may prepare his colours. 

Tlie gold used in gilding porcelain is applied in a 
metallic state. To prepare it for this purpose, it is dis-» 

» solved in aqua regia, and the acid being afterwardirWs^ 
sipated by tlie application of heat, the gold remains in 
tlie state of pownler at the bottom oftthe vessel. T]iis 
powder must be mixed with borax "and gnm water as a 
Vehicle for causing it to flow from the ])encil and fix^ 
upon tlie w ares ; wliich being then bakjd, the gilding 
api>ears void of lustre, and requires to be afterwards 
burnished with either agate or blood-stone. 

Gold aftd silver Imtre-ware commonly ^ an in- 
ferior qualify. The rnJlallic oxides usqtl for covering 
Ttkese vessels are* intimately mixed w!¥h some* essential 
oil, and, then brushed entirely over tfieir surlaces. The 
heat of the enamelling oven, which dissipates tlie oxygen, 
restores the oxides to their inetalli^if state, but with some 
dirniiMition of brilliancy. The oxide of fflatinum is 
used for makiilj^ siiver-lustre. . 

Colours, when they are required for use; should Je 
first pounded quickly in a mortar made of either agate, 
porcelain, or glass, with a j^iestlc.of the same material, 
and covered to prevent the access of dust. They must 
be afterwards gro!md on a glazed palette, firmly bedded 
in plaster on fi wooden frame, and perfectly IdleL Tlw^ 
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artist who decorates porcelain is required to mb his 
colours with AS much nicety as is used by miniature 
painters, so that there must not reinjrin the least per- 
ceptible roughness, either under the muUer, or between 
tile fingers. The requisite proportions of volatile oil 
and oT flux are added and ground with the colours on 
»tlie palette, the whole having been carefully weighed 
before tlieir union. The general ruje is to put five 
parts of flux to two parts of colouring matter, but some 
colours, us already mentioned, require more, while witli 
others this proportion i^uld be too great. Smalt re- 
quires to have combined with it only half the sum of its 
own weight. ‘ • * 

The artist must be attentive to grind his colours with 
the smallest quantity of oil that will suffice; if tliis 
should be in excess, itjmay in evaporating leave spaces 
bctweun the particles of colour, and the subject would 
ap|)eeBi very imperfectly executed. The fluidity of tlie * 
mixture should be kept at that exact point which enables 
tbq artist to produce the finest strokes with clearness and 
facility. 

^ Before the pieces wliich have been painted are baketi 
in the enamelling-kiln, it is necessary to dry tlic colours 
by eva[x>rating the oil uaed ivith tliem as the vehicle. 

Every considerable jwttery has ensmelling-kilns of 
various si;ies. These are m form like a chemist's muffle, 
from about six> to ten feet lonJ», and from 'three to five 
feet widei ^The*^rticles are piled in the kiln until it is*, 
filled, whqfi the mouth lieing closed, fire is applied, anrl 
continued for about eigi;t or ten hours, at die end of which 
time the colours areVountl to be burnt into the glt^. 
In piling ^hc pjeces in tlie kiln care must be used to 
avoid the placing of any one piece u\)on*tlie gilt border 
another.' The muffle is provided witli trial pieces, 
v^ich can be extracted from time to time during thr 
baking, and which will indicate ^the general state of the 
contents of the kiln, so as to govern tlie continuance of 
the operation. No delay should occur between the sufli- 
cient baking of the colours, and the withdrawing of the 




turbe4 until th^ are cool, and are then withdrawn. All 

• impure exhalations are prejudicial to the beauty 

lours, and every substance whence th^y can arise should^ 
as far as possible, be kept away from ^e kiln during 
process. * 

Gilding on porcelain or on glass is performed eithez; 
with or without the addition of a fluxing material, the 
gold being made to adhere to. the surface by the inci- 
pient fusion of either the glazinp on the porcelain, or of 
tlie surfad* of the glass, or of tlie flux employed. 

Gold is used for this purpose sometintes in the form 

• of leaf gold, * and ht other times in thJTof jjowder, pro- 
pared either mechanically, or by chemical }7rt^cipitation. 
Wlien the first of these two methods is employed, leaf 
goJ4 must be ground with honey el- with gum-water of 
an equal consistence; fhe honey or gpm iTeing after- 
wards washed *awfy, t^ie gold may be kept for use in 
paper or in shells, and the use of these lattet recipiet^ 
kas occasioned tliis |K)wder to be known among artists aa 
** shell gold."^ This pnscious mebil is precipitated from 
its solution in aqua regia, by adrling to it a watery dU 
lution of gr^n vitriol (proto-sulphate of iron^ or strips 
of metallic copper. Gold powder may likewise be ob* 
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tallied from the same solution by distilling it to dryness ; 
but this proc^ is not so convenient as precipitation. 
The powder has also been procured by first forming an 
amalgam of the metal with niercury, and then evapor- 
ating the latter ; ‘but besides being expensive, the fumes 
of me'rcury aref' found to be ‘extremely prejudicial to tlie 
.health of the operators. 

AVTien gold powder is used, it must be mixed with 
gum-w^ater as a vehicle. Where it is intended to apply 
leal* gold without any fluxing material t9 the body of 
the W'ares, these should be moistened in the requisite 
parts witii a weak solution of gum-arabic, which must 
afterwards be allowed to dry. AVhen the gold is ap- 
plied, the porcelain or glass may be made sufficiently 
adhesive by breathing on it. If a flux is employed it 
shouli^^ after being ru^)bcd very fine with .a muller, be 
dilute^ with weak gum-water, and very thinly spread 
oVu* .be parts which it is designed to ornament ; ^Yl^eIl 
very nearly dry, the lea^ gold is laid upon it. 

Japanner's goh^ size, moistened to the requisite de- 
gree wdth oil of tu*-pentine, is sometimes employed. 
Waiting then until the size is so far dried as to be only' 
daminy to the touch, the gold leaf Is laid on with cotton 
wool. As soon *as the gold is applied, the ware is placetl 
in an oven or muffle, thal it may he burnt on. 

Some old authors direct the artist to fuse .gold with 
regulus of antimony, to jmlveri the mass, and to spread 
die powder upor the parts to be gihh’d, exposing the 
w'arc afterwards to such a lieat as will suffice to evapor- 
ate the antimony wli'Ie the gold remains fixc(n This 
method of proceeding is objectionahlc, from the almost 
impossibility of spreading die powder in a sufficienJy 
uniform manner, besides which, part of, the gold will 
also be ca^-ried off, and some doscrijitions of glass are 
e#en fusible with the degree of heat necessary for per- 
fecting the process. 

Circular gold lines are frequently described on small 
articles, such as cups, saucers, and plates To assist 
him in ti..cing these with accuracy, the anist employs a 
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portaliile horizontal wheels height of whidi may be 
at\justed at pleasure^ according as the nature of the work 
requires it to be^ jjcrformed in a standing or a sitting 
posture. The lower pari of tliis wheel is somewliat 
similar to tlie leg and feet of a claw table^ the leg being 
bored out for the*rece|Hion of a stout m^allic wife, the 
altitude of which is regulated by means of a thumb, 
screw. ^ 

The upper or moveable part of tlie wheel has a like 
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tubular bavity in its vcitical part, 
by meant of which it is diopt on 
the upright wire, as^shown by 
the dotted liiiqi^ ^nd is made to 
rest upon a shoulder "fixed on the 
wire, so that the whtel may ht* 
made to tujyi truly upon this as 
ith axi^ : the whole iswsurmounted 
by a horizontal feble. 

• In proceeding to use this ma- 
chine, the artist places his l^et 
firmly upoii the base of the wheel, 
Snd fixing*the article to be cma- 
nieiUed upon the table, he causes 
the revolution of the arhcel with 
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his left handj and holding his brush steadily in jthd other^ 
describes the circles vrith the utmost facility and ac- 
curacy. 

Burnishing^ 'which is the ‘last process performed in 
the manufacture ^of ornamented porcelain, is usually in- 
trusted to female hands. I'he implements required for 
^this purpose are, a burnisher of agate or blood^stone, 
some white lead, a piece of sheepskip for wiping the 
ware, and some vinegar. As extreme cleanliness is in- 
dispensable, the person engaged in burnisliing does not 
even touch either the pdrcclain or her implements, but 
interposes between them and her hands a piece of clean 
white linen. 'J’he' agate burnisher should be applied 
lightly on the gilding, ftdlowing all the ornamentR, and 
never rubbing in cross directions, lest the gilding should 
appear -scratched. After having rubbed the gilding for 
some ^ime, a little vinegar or white lead should be ap- 
pliea m cleanse the surface. This being removed with 
a soft linen rag, the burnishing is re-commenced, and 
continued until the gilding tliroughout assumes a satis- 
factory appearance. 

, It will be remembered, that in the preceding descrip- 
tion of the coV^urs used in painting porcelain, several 
were mentioned as beirtg, unable to support the heat of 
the gloss-oven. Others, however, have not tins disad- 
vantage, and will bear the highest temperature without 
iigury. Where colours arc applied directly on the 
biscuit, no pil is ever ground with tliem/but they ave 
mixed with water only, and the glaze may lie added 
without any intervening application of heat. The tem- 
lierature of the enamtl-kiln is usually about six degi;ecR 
of AV'edgewood’Sfcpyrometer, answering to 1857 degrees 
of Fahrenheit's scale. 

«In the year 1817, the Society for the encouragement 
of Arts, &c., awarded a premium to Mr, U. W ynn, foe 
a list of receipts conununicated by him, for the pre- 
paration of enamel colours and fluxe^. A copy of Mr. 
Wynn's paper is inserted in tlie 55th volume of the 
Transactions of that Society. 
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Thcajiuxes are^ No. 1. Red lead ... 8 parts, 

• Calcined Wax • . 

Flint powder ? . 2 

* Flint glass . • . 6 

No. 2. Flint glass .... 10 

* Vl^hite arsenic • • . 1 

Nitre 1 

No. 3. Red lead . . . . 1 

* • Flint glass ... 3 
No. 4. Red lead . . •. * 

Boraj^^ not calcined 3^ 

Flint glass . . . 8 

No. 5. Flint glass^ ... 6 
• Flux, No. 2.. ..4 

Red lead ... 8 

The ingredients fonning^ each of these fluxes are melted 
together, and the compounds are fhen finely pounc^ for 
Rse, » • 

% 

The recipes for colours are as follows; — 

Yallow. Red lead ... 8 parts.* 

Oxide of antimony 1 * 

* White oxide of tin 1 , 

Mix the ingredients well in a biscuit-ware mortar, and 
having put them on a piece of J^utch tile in the mufiSe, 
make il gradually red-hot, and^ suffer it to cool. Take 
of this milture, 1 part ; of flux, No. 4. 1 J. Gmnd them 
in water for use. By drying the proportion of red.* 
•lead and anlimoiTy, different sliades 8T colour may be 
obtaineiL 


Otange, Red lead ... 12 parts. 

• Red sulphate of iron 1 • 

• Oxide of antirfiony . 4 • 

Flint powder, . . 3 

after calcining thestf without melting, fuse one part •£ 
the compound with 2^ parts of flux. 

Dark^red. Sulphate of Iron, calcified dark • I part, 
l^ux, No. 4. 6 parts "I ^ 


Co^cothar 


r of this 


3 

a 



96 POnCEliAlN UANUFAOTlTIUi:. CHAP. Fl. 

Light -red, Re<i sulphate of iron,, 1 part. 

Flux, No. 1. - , 3 f 

White* lead . . . 1 J 

Brown. Manganese . m • * * * 

Redhead . . . . 8^ 

, FVnt powder ^ . . 4 * » 

The style of decoration described in the preceding 
' pages of tins chapter, is in a great measure confined to 
the most costly descriptions of .porcelafn. Wares which 
are* fitted by, their price for being brought into more 
gelieral use, undergo a different kind of bmbellishment. 
A great variety of neatly executed patterns are trans- 
ferred to their surfaces from impressions previotjsly 
printed on paper. Before the ifitroduction of this style 
of ornament, tabic services of home manufacture were 
either composed of plain QueenV-ware, with occasionally 
a colofired edge ; or at best were furnished with a painted 
bo»'‘h^r, which displayed Init little tavSte in its conception, 
or ability in its execution. This modern improvement* 
has added materially to the decent comforts of the midrlle 
cla5»ses in Englainl, and has more than any othet cir- 
cumstance contributed to the great extension of our trad,’ 
in earthenware with the continent of Euroj)e. VFhen 
first inventf?d, '■and for some time aftcrw'ards, the ilesigns 
employed were only imitations of figures and objects 
seen on old blue China .porcelain , hut, a better taste has 
since pre^aihul, and artists cmidoycd in the conij)osition 
of patterns no longer think it necessary to piitrage tnith 
in their representations. Lainlscapes and figures, \n ' 
conformit} with tin' simjdicity of nature, atid exhibiting 
a consitlerable (*egr(*e of taste, are now so common, t^at 
this new a4^antage ^llerivcd from the ])rinting-gre 9 U is 
enjoyed without* exciting attention or (jotiimanding ac- 
knowledgment. 

^ Tile method of transferring printed designs to eardmu 
vessels is thus pursued. The landscape or pattern is 
engraved upon coppef, and thd colour, which ig'mixed 
with boiled linseed oil, is laid on tin* plat^> in the same 
manner af ink is usually applied liy eojijxi^'^plate printers. 
To increase the fluidity of the oil, the plate is then tern- 
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porartly placed in a atove^ a sheet of damped tissue paper 
is laid^n it, and both are passed in the oidinary manner 
tlirough the presf. The paper, wet with the colour, is 
then delivered to a girl, who reduces its size by cutting 
away tlie blank partion surrounding *the pattern, and 
passes it to another girl, t>y whom thS impression' is 
applied lightly to the ware when in the state of Biscuits 
A third girl is next enipl^ed, who with a piece of woollen 
cloth, rolletl tigh&y in tne form of a cylinder, rubs the 
paper closely, against the piece, in ordef to press ^he 
colour sufficiently into its substance. The paper thus , 
rubbed is left adhering to the article for an hour, when 
both are placed in a cigteVn of water, so that the paper 
becomes soft enough to be peeled off without violence, 
having transferred to the biscuit the impression which it 
had received from the cBpper-pIa|e, >• 

When the pieces thus printed have stood a suffitiently 
long time to become dry, they are placed in an oveh/ to 
which a gentle heat is applied, in order, by dissipating 
the oil, to prepare the tvarcs for reaeiving the gl^e. 
This is, of course, completely transparent, as otherwise 
♦he distinctness of the pattern would be impaired. . 

For a long time l)lue, produced from the oxide of 
cobalt, was tlie only colour employed ; hut, of late,* the 
potters have extended to this pleasing branch of their 
art all the«colourSN>n their pal^tfe. ^ 

The glaz9 on printed Igoods is vitrified in the gloss* 
^yen in the inaTuu^r already described.^ * 

The French potters employ a different 'method for 
tr^^nsferritig engraved patterns. They cast a sheet of 
fine glue, about a quarter of an in«h thick, and diluted 
wlflle ^'arm to such a <U;gree that when coof it shall be 
perfectly flexible, and have the consistence of leather. 
This glue being apjjJied'upon the plate, and pressed wijji 
the hand, receives the colours according to the pattern, 
which it gives back to the surface pf any vessel to which 
it may be applied. Tw'o impressions may generally be 
given in thU mB!mer without a fresh application of the 
glue to the plate. After the second has been ftipressed^ 
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the surface of the glue is cleaned carefully with' water 
applied by a soft brushy and serves again as befoSre. 

The decoration of earthenware by m^ans of engravings 
is of much more recent adoption in France than in Eng. 
land^ — not havidg been us^ in the former country until 
about' the year* 1805. 

, In the report made by die Committee appointed to 
examine into the progress of the arts and manufactures 
in France, as exemplified by B]!iecimens exliibited at the 
Lqiivre in 1819, and to which report allusion has already 
been made in this Chapter, attention is drawn to a cu- 
rious process, whereby a ])orcelain manufacturer was 
enabled, on being furnished with an engraved copper- 
plate, to produce impressions on any scale that might be 
required, whether larger or smaller than the original. 
For t^is purpose no second platie of copper was needed; 
and tl»e enlarged or diminished copies might be furnished 
in ‘dxt course of a very few hours. It is to be regretted 
that no descrfption was given of the means employed for * 
effecting this curiptis process ; but the Committee, who 
jiersonally witnessed its execution, expressed themselves 
perfectly satisfied as to its efficiency, and awarded an 
honorary gold medal to the inventoi.* 

'■ Ann. dc dc Phj ■>. tom. ikiii. p. 
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CHAB. VIL 

ON THE MANUFACTURE OP TOBACCO PIPES. 

• 

THIS MAKL'FACTURK TUOSECUTSD TO A C REAT^ EXTENT. OS- 

scaimuN OF material. — rolling. boring. 

INO. POLl&HINC. BAKING. OKSCRIPTIOK OP KILN OF 

CRUCIBLES. MANUFACTURE IK HOLLAND. ~ ORIOlMALLY 

CONVEYED THERE FROM ENGLAND. « 

The manufacture of tobacco pipes forms a branch of 
the potter’s .art, wliiclt has aci^uireil considerahj^e im- 
portance from the extent to which it is prosecuted ; and 
it is at the sanf^ time interesting from the nature K/i. the 
processes employed. A short account of these will, 
therefore^ not lie thought misplaced ig this treatise* 

The clay chiefly employed for the purpose is found 
•in the island of Purbeck, in Dorsetsliire, and is preferred 
on account of its Extreme -whiteness. Previously to* 
being used^ it must he diligently purified from all ex- 
traneous matters. The means employed for this latter 
pnqio^e, being tlie same as hafVtf already been yescribeci, 
tlieir rccitab may he omiJlted here. 

• • When tlK pujification is accompli dieSl, and the clay 
has been formed into cubical masses, wctghing each 
from eighty to one hundred pounds, the workman from 
time to time cuts off small portigos, each suffleient to 
foTm/>ne pipe, and, flrs( kneading them thorauglily upon 
a table, rolls llioai out to nearly the form and size of 
pipes, leaving a bulb af the end for the formation of the 
bowl. In this operation, the skill of the man is msfBe 
apparent by the near approach which this roll makes 
tlie dimensions actually required. Persons who have 
had a compctent*ex]icrience will succeed in this respect 
to such a point as comjdetely to flU the mouldi to which 
u 2 
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the rolls must afterwards be transferred^ leavinjg^ but 
little surplus (day to clip away. ' 

Fig. .’ 0 . 

I 

^Vhen the rolls have been formed for a short time^ 
'and by that means have become sufficiently hardened, 
the workman proceeds to bore the stein by introducing 
an kon ijeedle. This part of the manufacture calls for 

S^g. 11 . 


a great deal of address, and can only be satisfactorily 
accomplished after long practice. In ])erfDrming it, the 
roll ish taken between, two fingers, which follow the 
point «of die needle in its course through the whole 
len^i of the stem. Near to its point die needle^has a 
circular enlargement, the progress of which may be felt 
through the substnnee of the clay ; and tlms the execu- 
tion of die task is somewhat facilitated. The bore 
pust be made as exactly as possible in the axis of thif 
stem ; and, in forming it, the needle must be pushed 
forward by means of its^ wooden handle, with a gentle 
and equable pressure. The part which is to form the 
head or h^wl of the pipe is then bent so as- to give it 
the proper inclination. ^ 

The mould, into which the stem is next' placed, is of 
copper, and divided into two similar oarts. On being put 


.. Fig. 12 . 



to use, the whole interior surface of both sections must 
be slightly touched with a brush containing some very 
limpid 05, that the stem may be afterwards delivered 
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jErom it without difEculty. The roll of clay being placed 
in one section^ the other is fitted to it according to 
marks previouslja made^ ap as to ensure the perfect cor- 
respondence of the two parts. The mould is then sub- 
jected to the acUoA of a sgiall iron pre^^^ in whiph the 
two parts are forced ^gether by means of nu|8 and 
screws ; and by this means its exterior form^ with all* 
its ornaments, is^at once; given to the pipe. 

The head or bowl has yet to be fashioped. Tli^s is 
in part effected by the fore -finger, and morc*perfetftly 
thereafter by means of a stamp or form attached to the • 
mould, and whidi by tlie action of a lever is introduced 
within the hollow which the finger has made for the 
purpose. The bore of the stem is then continued into 
the bowl, by pushing t^ie needle up to its handle ; any 
excessive quantity of clay that may have been tfeed is 
next put away^ and the pipe is smoothed by mdkns of 
an iron or copper blade. 

The pipes as they are formed are spread out and 
arranged upon a board, that they mly be still further 
dried ; and when they have acquired a certain consist- 
*ence, any roughnesses that may appear upon the bowi 
are rubbed away with an appropriate horn instrument, 
which is provided with a groove^ of which the workman 
avails himself to perfect the circjular form and to smooth 
the edge Of the bowd. • 

After thfs the pipes tre placed a second t\pne in the 
•'Moulds, thiJl any imperfections whicli th^y have ac- 
quired in their shape may be remedied ; and they are 
then left until sufficiently hardened to receive the last 
polish, which is given by rubbttig them ^with flints 
bored*with holes, sorac*of which are gf the same dia- 
meter as the stdhi, Vhil^ others will admit the head of the 
pipe. If it should* tlien appear neces.sary, the worlunan 
setouches the different ornaments on the pipe with a 
kind of bodkin, and the needle » withdrawn from the 
stem. 

l^'hese vafious operations, which bear an ap^^ranoe of 
complexity in* the narration, are yet so easy hf^ccom- 
u 3 
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plishnient, that a clever moulder will furnish 350^ pipe# 
in a week. * 

The kiln used for baking jlhe pipe<5 is cylindrical ; 
having a circulaj^ fireplace at its bottom. AVith the 

13 . 



exception of the s?paces required for the circulation of 
heated air, the interior of the kiln is occupie<l by cruci- 
bles, wherein the pipes arc placed. These crucibles, 
which are made very thin, are composed of the same 
clay as the pipes, and a^e strengthened by the insertion 
of broken pipe-stems. Tlie bottoms are framed of these 
stems, radiating towards the centre, and having the 
interstices plastered with pijv cLy. The top of each is 
dome-shaped; anil a pillar of clay placed in tKe 
centre through the whole altitude, which serves at once 
to strengthen the crucible, and to support the stems of 
the pipes. The sid^ of the crucible is provided wjth 
six horizontal le(lges, proceeding at equal distances all 
round, and upon diese the bowls of the pi[)e« are ar- 
ranged, while the stems are made to lean against the 
central pillar. The crucible is capable of containing in 
these six divisions fift;^- gross of pipes ; and, if the heat 
of the furnace is properly managed, tjiese will be suffi- 
ciently ba^ed in seven or eight hours. 
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The property possessed by tobacco pipes of adhesive- 
ness to the tongue, is owing to the great affinity which 
the clay Jias for water : thii tjuality is much increased 
by the baking process. ^ • 

The majiufacture of tobacco pip^ ts prpsecuted to 
a very considerable extent in Holland, aihencc large 
quantities have long l)cen exported annuj}ty. For the 
introduction of this art the Ihitch are indebted to this 
country ; in proof of which assertion, iVfr^ Hollis, who 
passed tliroufi^ tlie Netherlands in 17dd, mentions that, 
having visited very extensive pipe-works at Gouda, he 
was informed by Ihe master of it, that even to that«day 
•their principal working tools bore English names. 
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CHAP. VIII. 

ON THE PORCELAIN MANUFACTURE OF CHINA. 

OBSCtJRlTT WH2RKIN ITS ORIGIN *18 SlIRdTLDED. CHIEFLT 

PRACTISRI) AT KIRG-TK-CHING. SUP1K)SEI> srPERIORITY OF 

CHILA WARE. — MATERIALS EMPLOYED. — KAO-LIN 

FE^TUN-TSE TUEIR FREFJPRATION. OILS OB VARNISHES—* 

TBEIR COMPOSITION. UAO-CHE ITS SUPERUlRITY TO KAO> 

LIN. — ANALYSIS OF^ KAO-LIN. — EXTENT OF FACTORIES /T 
XINO-TE-CHING. — GREAT NUMBER Sf WORKMEN EMPLOYED. 

— preparation or materials. — method or fashioning 

UTENS11.S. — MOULDS. — DIVISION OF LABOUR. DEFICIENCY 

OP CJyiNESE IN THE AB^ OF DESIGN. THE FR rXCELLENT 

COLOUR NUMEROUS' HAN1>S EMPIOYED IN DECORATING 

EACH PIECE. — BAD EFFECT OF THIS STSTEIW. — BLUE LONG 
THE ONLY COLOUR USFD FOR PAINTING CHINA WARE.^ MODE 
OF PREPARING VARIOUS COLOURS, — CHINESE IGNORANT OF 

CHEMICAL SCIENCES UMIAM. — TSOU-TCHI. — KIA-TSI^G 

METHOD or FORStING IT. CHINESE FURNACES. PASSION 

FOR OLD PORCELAIN. KU-TONG MOCK ANTIQUES. REA- 

•SONS FOR COSTLINESS OF CHINA M'ARK IN £U ROPE. — HIGH 
PRICES FORMERLY PAID IN CHIN^i. — FINEST SPECIMENS NOT 

BROUGHT TO FUROPK. PORCELAIN TOWER AT NAN-RING. 

CHINESE POTTF.RS PREPARE MATERIALS FOR THE L'SK OF THEIR 

DESCKNDAjNTS. COMMON D ARKS MAI>E IN CHINA. ATTEMPT 

OF THE EMPEROR TO TRANSFER THK^ MANt FACTURL TO PEKIN. 
HIS WANT OP iujjCESS. *- 

No success attei.dM any efforts that have been made 
to discover the onprfn of the art of making porcelain 
in China, and the date of its invention remains v^leh 
in obscurity. The most tliat is known on this head 
is gathered from the w'ritten annals of Feou-leang, a 
city*belonging to the same district of the empire as 
King-te-ching, wherein it is recorded tliat, from the 
time answering to the year 44ii 6f the Ciiristian era, 
the last-mentioned place has enjoyed the honour of 
supplying the imj^ierial court with porcelain^ and that 
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one or “two mandarins have usually been deputed from 
Pekin inspect this part of the workman's labours*. 
The invention o^ the art would assuredly date from 
a much earlier period than that here mentioned ; as 
it would be long ere the manufacture •arrived at sudi 
a state of perfection as to repder it an object of inferest 
to the court. 

It is a very common opinion in China, that the 
porcelain ware made by tbeir ancestors was superior in 
quality to any jnore recently manufactured.* This belief 
is grounded on the fact, tliat pieces of porcelain are 
frequently dug from the earth, which are uniformly 
found to be of the vcry.finest description. It has been 
remarked, that this fact is not by any means conclusive 
evidence upon the subject; the buried pieces were most 
probably concaaled, duriiTg periods of civil commotion, 
on account of their value, and in order to preserve 
^them for ^ their ‘owners, who were without an equal 
inducement to bury articles of more common use. An 
opinion likewise prevails, and is suppbited by referetiype 
to tile same fact, that the quality ef porcelain vessds 
is improved in beauty by a lengthened burying in the 
earth ; and the same knswer has been applied to this as 
to the first-mentioned asseftion.^ • 

The Chinese employ in Uie composition of their 
porcelain two kinds of earths, ahd two oils or viimishes. 
Of the earthR one, whioii is called kao.Jin, is found 
^ifl|srmixed with particles of a shiniri^ substknee re- 
sembling mica ; the other is knowit by the name of 
pe-tun-tse, and is of a brilliant white, exce^ngly fine 
ill its grain, and soft to the toucht Both these de- 
scri{(tiqpB of earths are* found in mines of quarries 
situated between* twenty and thirty leagues from King- 
te-tching, to which, place they are brought in smal} 
v^sels, which are continually passing up and down the 
river of Jao-tcheou for tjiat purpo^. The hard blocks 
of pe-tun-tse are cut from the quarry in the form and 
about the siae of bur bricks, and are brought in ibis 
state to King-le-tching. The first preparatidh which 
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these lumps undergo, js tiiat of breakiu^ and pounding 
them coarsely with iron mallets, anti afterwa*4ls more 
completely in mortars witli ^pestles, rvrought either by 
the hand or by a water-wheel. By this means the 
blocks of pe-;tun->tse are reduced Co an almost impal- 
pable powder^ w^hich is thrown into an um-shaped 
' vessel nearly tilied with water, and then stirred briskly 
about, that the particles may ))e intipiately mixed with 
th^. water. When this mixing has been effected, and 
the fluid' has been left during a short time to repose, a 
white creamy substance *^forms upon tlie surface, to the 
depth of (wo or three inches: this, being skimmed off, 
is transferred to another vessel, supplied with dear 
water. The fluid remaining in the first vessel is then 
again stirred up ; another portion forms upon the sur- 
face,^ which in its turn is removed, and ‘added to the 
first 'akiinming ; and this process is continued as long 
as any fcreainy substance can be collected from the sur- , 
face. W'hat remains in the urn-shaped vessel has not 
be'^n sufficiently 'ground ; and, being collected from the 
bottom, must be kgaiii submitted to the process of 
c grinding. 

The skimnvngs are left tg^ttlc in the second vessel, 
until the solid portioa haf^iitbsided to the bottom, 
leaving the supernatant water perfectly clear : this is 
then poi.re(l off; the sediment is transferred to moulds, 
wherein it remains until nearly dry ; and ihe cakes are 
then taken out^aiid cut into square pieces of the 
most coii\^nient for use. The j»e-tun-tse is then in 
a fit state for combination with kao-lin ; and tlie squares 
are sold by the htl'.jdred to the porcelain makers. It 
is not often that tlic manufacturer can venture upon 
using tliis material in the state whereiirhe buys it; the 
men who have been previously errqdoyed in preparing 
the cakes, most generally mix in the squares as large 
a portion of foreign matter as, they expect will escape 
detection : a separation- of these previously to the em- 
ployment of the earth becomes, therefore, heedful. 

A flimilar process is followed in the' preparation of 
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kao-lin*; but this substance being much less hard than 
pe-tun-tle, less labour is required for its performance. 

The two substtnces de^ribed as oil or varnish are 
procuretl, one from a combination of pe-tun-tse with 
another mineral substance, a^d the other fjom lime. In 
the preparation of the fifst of these, such stones are pre- 
ferably selected as have the whitest appearance, 'fhese 
undergo the same 4)roce88fs of grinding and washing aa 
have already been described ; except that the creajiy 
substance, when it has subsided in the second feRsel,ds 
not aU put into moulds, but only the upper and finer 
stratum is gathered for the preparation of this varnish. 
To ^acll one hundred pounds of the silbstance thus sepa- 
rated one pound of a mineral called she.kao, which is a 
kind of gypsum, is addej. This stone, which resembles 
alum in its appearance, is first raised in a furnace to a 
red heat ; and then reduced, by pounding and rubbing 
»in a mortar, to a very fine powler; in which state 
its union with the purified jw-tun-se effected, the con- 
sistence of the comi)ound being perfectly fluid. » 

The preparation of what is called oil of lime, the 
fourth ingredient required, is thus managed : — Lumps • 
of quicklime are first spej^ed with watet, and reduced 
to a powder ; upon thisijis^lbed of dried fern is placed ; 
then another layer of lime, covered again by fern ; and so 
on alternately, until the pile having reachctl a moderate 
height, fire iS applied : affd when tlie whsle of the fern 
ds?onsume(l,*the lishcs are collected altd strewn upon 
fresh beds of fern, which are again fired ; ari^his burn- 
ing process is repeated five, six, or more^ times suc- 
cessively, — it being held that the ^fiore freijuently the 
ashes are burnt, the better is the quahty^of the product. 
Some ancient ClfineUe aiyials affirm that, instead of fern, 
the wood of a kind uf medlar tree was anciently used*; 
and that the quality of the porcelain w'as in consequence 
more beautiful. This w^sod is now*l>ecome too scarce to 
be employed for the purpose. The lime and fern ashes 
are next throVn into a vessel containing fair w^ter, and 
she-kao is added in the same proportion as to the creamy 
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dilution of ^-tun-tse. This she-kao dissolves ; and the 
solid matter being separated from the water subsid- 
ence, and removed in a tolerjibly dui(t state, forms what 
the Chinese manufacturers call the oil of lime, to the 
agency of which they attribute all' the lustrous appear- 
ance of their porcelain. Lime, tvhen unconibined, is in- 
fusible, except at a very intense degree of heat ; and the 
fern ashes thus added are essential, acting as a.flux, and 
promoting the fusion of the glaze in the furnace. In 
mixing these two varnishes together, only^ne measure of 
the oil of lime is addecT to ten measures of that of pe- 
tun-tse, care being taken that the consistence of both is 
equal. The oil or lime is easily, and to the seller f)ro- 
fitably, adulterated by the addition of water, combined 
with such a farther portion of she-kao as preserves its 
proper degree of consistency. 

It* is said dial, since the time when D'EntrccoUes 
communicated his observations on the porcelain manu- 
facture in China, the potters there have discovered a new 
sppeies of minerarl, which can be advantageously used in 
the preparation of porcelain. This is a species of chalky 
^ Btone> which bears some outward resemblance to soap, 
and is declared to possess conquerable medicinal virtues. 
It is called hao-che ; and when used instead of kao-lin, 
the result is porcelain of very fine grain, exceedingly 
light, apd much better qualified for receiving colours, 
but more bri/tle, and far deJ.rer in its cOst, than the 
commoner kind'of ware, the price of hao-cltc being ihit'e 
times tliat paid for.kao-lin. This new substance, when 
taken from the mine, undergoes the operation of a care- 
ful washing, to sepuc'ate from it a kind of yellow earth 
with whicii it is always found* accompanied : it -is then 
pounded, and treated exactly in a similaf manner to that 
d^cribed in the preparation of kaolin. It is affirmed 
tiiat hao-che. thus purified, is capable of being made into 
porcelain without any admixture. 

It is the kao-lin which, although much softer than 
the pe-tun-tse when taken from the qtiarry, gives 
strength and body to the porcelain ; and; consequently. 
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this^ or* some substitute possessing the same quality^ 
forms ai%indispensable ingredient in its composition. It 
is related that s(^e Europeans^ liaving privately ob- 
tained some blocks of pe-tun-tse in China^ and conveyed 
them to their own country, vainly endeavoured to con- 
vert them into porcelain ; v^hich becoming knowb to 
some Chinese manufacturers, they deridingly remafked, 
that certainly the Europeans must be a wonderful 
people, to go about to m^e a body whose flesh was to 
sustain itself without bones.” • • 

Kao-lin is known, from die particles of mica which it 
contains, to have its origin in felspar, or graphic granite. 
It is infusible with the Jieat of a porctlain furnace even 
in China, the degree of which must lie most tremendous, 
as some of the materials employed in their glazes could 
not be vitrified at a l(f^er terqperature dian i^uld 
suffice to fuse Cornish granite. The kao-lin quarries of 
China agree with the mines of Alen 9 on andStYrieux, 
near Limoges, where a similar earth is found — all of them 
having a super-stratum of red, friabli^, 9 micaceous rocIc» 
of the texture of gneiss. The consthuent ingredients of 
kao-lin arc found to be — silica 52, alumina 42, oxide of 
iron 0*33. • 

The factories employed at King-te-ching for the 
porcelain manufacture are of great extent. They are 
walled rouiitl, and contain sheds tinder which the pgrocesses 
are carried on, as vrell of dwellings for |he workmen, 
number ef pegple employed in one these factories 
very great, as must appear when it is consfdered that 
almost every piece of porcelain produced, honker small, 
passes through more than sixty diff^nt hands before it 
reaches ^a state of perfectqess, • 

When the purification of the two eardi^has been com- 
pleted by the processed already described, the next 
operation is to unite them in the requisite proportions! 
The relative quantities of these materials depend upon 
*the quality which it is desired to give lo the porcelain. 
For the fines^kind.^they mix the kao-lin and pe-tun-tae 
in equal quantities, and diminish the proportion of the 
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former according as coarser kinds of ware are required ; 
but, for the ffery coarsest descriptions, the kao^lin never 
forms less than one fourth of the m%S8. 

The most laborious part *of the whole operations of 
tibie factory, is lhat of intimately kneading and working 
the Earths to^fether, so as to form of the two one homo- 
geneous mass. This is performed in pits, which are 
paved and cemented, wherein the workmen continually 
trample upon the paste, brining together fresh portions 
!\y turning it over ; and this work is continued without 
intermission, one set cf workmen relieving another at 
intervals, as each becomes fatiguetl by the labour, until 
the mass is thought to be thoroughly mixed, and. has 
been brought to a consistence proper for being moulded 
by the potter. The mixture is then removed from the 
pit j and being divided into ^'small persons, is again 
kneaded with the hands u)ion large slates provided for 
the purpose. Too much careful industry can hardly be 
exercised in this operation. If the smallest drop of water 
or globule of air be left remaining in any portion of the 
mass, the article whicli contains that portion will infal- 
libly be spoiled by the expansion of the fluid in the 
oven. The smallest grain of saml; or even a single hair, 
left in die paste, would l)e equally prejudicial, occasion- 
ing the porcelain to run, or crack, or w’arp in the 
bakings 

The pieccf are fashioned hv the Chines'* workmen in 
a manner so sir-IIar to that adopted ip our.own potte^E.' 
diat it wdiild be useless to narr«ate the process. 

The ml^ilds osed iu the potteries of China for farm- 
ing pieces of muMforrn shape are made in several por- 
tions or 'divisions, which are brought together cv^hen 
used. I'hey are made of a upetpous earth, which 

occurs abundantly in quaj^ife near to King-te-ching ; 
and its preparation by kneading and beating is Very 
similar to that bestowed on the porcelain earths. When 
made and used with care, die^e moulds will la«t fora 
long time. The Chinese workmen are n(\t content with 
the woik as delivered from the mouldy but uniformly 
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finish the article by the hand, using a variety of chisela 
and oth^r tools to touch up the various lines and forma 
given by the inonld, as well as to supply its probable 
deficiencies ; so that die potter executes^ in some sort, 
the art of a sculptor* In works where different objects 
appear in relievo, these «are Aiade separat^y, and Udded 
in the way commonly used in our own potteries. • 

It may give some idea of the number of bands em- 
ployed in the perfecting of every piece of porcelain to 
state what D'^ntrecolles has related to octur with The 
commonest description of tea-cap. The potter has tne 
management of the wheel ; and under his hands the cup 
assumes its form, heigjit, and diameter. It inay'^be 
well imagined that this workmai^||lJoes not bestow 
much labour upon his task, when we are told that for 
fashioning twenty-six ctfjis he receives a sum equi^ent 
to about three fartliings of our money : the cup, acucord- 
^ ingly, is delivered by him in a very imperfect state to 
a second workman, who fits it to its base. From 
him it passes immediately to a third rd^, who by means 
of a lU^uld, placed on a kind of lathe, corrects the ini- 
perfections of its shape. A fourth man, by the aid of a 
clfisel, corrects the iiffcqualities and unevennesses of the * 
edges, and pares the cup to a substance wfiich renders it 
sufiicieptly transparent. In the* course of this operation 
he has frequently recourse to itaSer, in order by moist- 
ening to prevent the craq^ing or breaking of the cup. 
^A^fth workman {hen smootlis the inskle by turning it 
gently on a mould. Qonsiderable care is inquired in 
tl^is stage prevent any warping or the £i^tiation of 
any caidty in the cup. Otlier ig«n then, according 
to tlie^ description of gap whidi it is iwtended, to 
produce, add eithei; the handle, orv sonib ornaments in 
relievo,^ or make sunkeft) Itnpressions. The operation 
that immedijitely precedes the first baking of the cup, ik 
tlTat of rounding and hollowing die inside of its foot : 
tlAs fs performed with A*chisel. * 
ijby this division of labour the work is found to 
proceed with greater regularity, and rapidity, incessant 
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kmds tfi ^cli w<»«]aaian 4xm«idaraMe d^tMty i^ ' 
facility in its performance and no ^me is loSt in the 
dkangii^^Gf impl^Eoents^ as ihust be ^ case if one man 
liad to conduoC ^ , monnfM:tni««lbr^ its several 
st^es. . ^ • 

Vnay large pieces of porcelain are made at King^te. 
ching. Tbm are scanetimes of sitdi magnitude^ ^at 
they must idret be formed in ihrel^ or more sections; 
eafh one oi^ Which reqnires to be supp^^rtod during Its 
formation by thfee^ or more men. When the dif^ent 
portions are siifficieutly dry, diey are united mgether 
yrilh slip, in the same manner ^as handles are attadied ; 
and the seams are smootlied and polished vrith an iron 
instrument, so that, upon their being afterwards covered 
with varnish, it is not possible to discern the points of 
junction. « 

The celebrated traveller Marco Polo mentions die 
vast extent to which the manufacture was carried at thsi 
dtne of his residence in the Celestial Empire, and states 
tHat eight porcelain cups might then be purc%8ed at 
the lo^r price of a Venetian groat.* « ^ 

Among the Chinese, the art of design has never 
vanced beyontt the ve^y first steps. , These people appear 
ignorant of the commbnest ruM^ of perspective; and 
their drawing, especially where attempts one made to 
describe the human figure, i^swetched in*, the ibtti^pme* 
To make some«cmends for this, the ^olouaa which %/ 
employ arb exceedingly lively and brilliant, m that Eu-' 
ropean af4$ts have found it a difficult task fir vie wi|h 
them in this res d| j | a. In examining the paint^^por- 
cetain of /his almost led mjma^ 

gine that theii<artis|B>m#<^ df;f)a.i;jred the sight of 
^e objects which the^NpMi^ to represent, aa other* 
wise acme among them mvstfaurely hava possessed suf- 
ficient innate taste to hav#!led him from th^gm^al 
track, and instead of the m&jhrable caricatuteaPilhi 

r - 
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difigm^ tlii€^ bfbcni^rsi, to ysLve nntido wm$^ \Bjjfpmmh 
•towards^e truth in hk ddhmtioii of 

^he system of ^istriiMi^ng dbo itkotig ^ gi^t 
number of hands, vfWk & ^ the 

formation of pcKrcelaiiixiA {mrstleff in ilto i^ntihg 
department. One artiat fohns only ec3ounad Srdes 
almt the edges; Aoti^S, tdiidi u^third* 

paints ; a fourth ^utaai|es nothing bat mountains ; a 
fifth deserihes ttrater; a st3t^ ttiUces the oudine of 
faifds, which f Severn hp With cnlbunf Ofiier 


artists trace and eolotdr animaM ; others again perform 
the same tasks with the human figme, hnd ih this way 
eveiy object of art ahd nature found upon their porcekin 
is the wotfk of a particiilar artist, who does not attempt 
the delineation of any other subject. To this system, 
so useful in eonducting every nierely mechanical ^per^ 
ation, may jiossibly bo owing the continued adherebce to 
^ old and faulty methods. The celerity which it is cal- 
dtdat^ to produce is unfriendly to .the improvements 
suggested by genius ; and if even oncf artist among Wje 
crowd ahould be found with taste enobgh to aim at form- 
tftg and embodying juster conceptions, his ap^i^acbes* 
tcimature would only ser%'e to render more glaring the 
deformities producotlij»y his ielluW labourers, and would, 
therefore, be wholly inadmissilje.^ 

It is saiA that for many ages, the Chinese uiSed only 
white poreeltfin. Tradition adds, tliat :^s Whiteness was 
«naS^ ln€Qi|nli:T that the pieces were altogether faultless, 
that l3|pie only nanfe by winch -they ysre known 
when^ex|K>rted to other kjngdomgigras that of the 
pre^us jewels of jao tebeou.** 48®*® 
colour wlierewidi they Qyj^^ eat#! pottevy, but the &n- 
iployraent of alT other ^Rotipl^ory speedily followed 
upon tbl imsroduction one» At first, a 

long time, ihpir blue colc^ was prepared from a rerf 
fi ^ Mnd of lapis lazuli^ which is* native with them ; 

' bp^ hey now^import ^alt from England, at a price so 
mufti below *that which tiieir pwn pigment kid cost, 
that they have Abandoned its manufacture, And depend 
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upon their foreign supply. The fine deep blue some- 
times found jLii)on specimens of old Chinese pijgcelain is 
much admired and valued by virtuosi^ and it is regretted 
that this colour is not used at present. It has been 
conjectured thrit the Chinese^ wha unquestionably pos- 
sess ‘cobalt, most probablj' employed its oxide also in 
the j^Toduction of this esteemed blue colour before tliey 
were enabled by their commerce with Europeans to sub- 
stitute for it our cheaper pigment; that their method 
of preparing the ore of cobalt was such^that it retained 
the arsenic with whiclr' it is always found in combin- 
ation, and that, consequently, its colour proved much 
deeper and richer*than the prej^ration made by us from 
the same mineral. Our process being performed in a 
reverberatory furnace, the arsenic is driven off in fumes. 
Theie are some kindamf cobalt which art made to yield 
smalt without this previous roasting, and the superior 
colour which in such case is always produced is attri-^ 
buted to the presence of arsenic ; since if this mineral be 
added to smalt iVhile in a state of fusion, the colour will 
be rendered much deeper. The preparation of smalt 
from cobalt without the aid of fire is more expensive 
and the produce less in quantity than where the common 
process is followed. The French manufacturers procure 
their smalt by dissolving cobalt in nitric acid (the aqua 
fortis of commerce), and then precipitating ; and it might 
be well for oar porcelain ma^rs to try th^ effect of this 
method. < • •y ^ 

The red colour used by th?j Chinese is made fron^ 
common green vitiiol or copperas (proto-sidphate of 
iron), wlych goes^'Vith them by the name of ts^-fan. 
This material they calcine in & crucible, continuing to ap- 
ply fire for so long a time as thi^k blStck^fumes are seen to 
escape trom a hole made in the top' of the crucible ; but 
when these fumes are succeed by a light^nd thin clofiid, 
they judge that the 'process baa been carried 8uffi^j|n|^y 
far, and remove the crucible froip the furnace, "pre- 
viously^ however^ with^rawii^ a small quantity of the 
colour for inspection, as the test here mention^ is not 
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unerring. When the colour proves good, the crucible is 
left to «ool gradually, a cake of red ntatter is then 
found at the bottom, and a further quantity, in the 
form of fine powder adhering to its sides. This latter, 
being the purest and* finest c9lour, is.kept^separate^from 
the cake. Copperas affords about one fourth of its 
weight of this colour, which alone is used for producing* 
all the various shales of .red in the porcelain works of 
King-te-ching. ^ • 

AVhite porcelain, made in China, owes much of ^e 
fine brilliancy of its colour to the oils or varnishes before 
described ; but when a brighter and finer hue than can 
be thus produced is neAled, a mixture of the following 
kind is prepared. The shores of some of their rivers 
furnish a species of aga^e, which is without veins and 
nearly transpaVent, so that it appfoaches to the natftre of 
crystal.. This s^onc is calcined to a white powder, 
and then ground as fine as possibfe. To every ounce 
of this they add two ounces of white dead (ceruse), also 
in fine po^vder, an<l these being mixed with the varnifeh, 
tjie wdiole is laid on the porcelain in the same way as 
other colours. Accoalkig to the descriptions given to us,* 
this compound, besides being used for the production of a 
brilliant white, forms also the ground or basis of several 
other beautiful colours. Thei» precii*, which is prepared 
from the oxide of copper^ is said to be converted into a 
violet cobur by admixture with tl\* white* just de- 
scribed. Such a chanjje as this must of coftrse be the 
effect of chemical action promoted by the^lTbat of the 
furnace. ' The mere ineHianical miijtture of white with 
green would only reduce the depth of its shade. A very 
small pfoportion^of ^the white suffices, it*is said, to pro- 
duce a very deep violet, and the hue is rendered lighter 
in proportion as tfie quantity of white is increased. 
Their yellow is said to result froiq the mixture, in due 
proportions, of this wliite with copperas (proto-sulphate 
of iron). The accounts we have of those processes 
among the Chinese, which depend upon chemftal laws, 
are given with so little regard to accuracy, and betray 
1 2 
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SO great a want o^, scientific acquirement, that these de- 
scriptions of <their mode of preparing colours ^not be 
received with any satisfaction. » 

The Chinese painters of porcelain usually mix their 
colours with gum water, in which a small fjortion of 
either saltpetre (nitrate of pottfss), white lead, or cop- 
c peras has been first dissolved. \i^iere a retl colour is 
used, the porcelain oil or varnish is applied with it. 
This colour is laid on the Avare wdien in the state of 
bifcuit, tliat is, when it has been once in the oven, but 
it requires the heat of the second baking to bring out all 
its requisite sha<lcs and tints. 

Black porcelain* ornamented with gold, known uhder 
the name of mniarn^ is much esteemed in the East. 
The black is produced by mixi»ig three drachms of deep 
blue,*witii seven drachms of the vaniish, which tliey call 
oil of stones. The black thus prepared is laid on when 
tile porcelain is first dried, and Avhen the black is -also* 
thoroughly dry, the vessel is baked. Tlie gold is then 
laid on, and the'^icce is subjected to another baking in 
a furnace peculiarly constructed for the purpose. The 
gold is ground in water to a very. fine powder; and when 
tliis has been» very gradually dried in the shade, one 
tenth of its weight of white lead is added, the mixture 
is incori>orated with gi,un water, and laid on in the same 
manner as colours are applied. 

The Chindse^havc a kind of porcelain, which in 
much repute with them, called tsou-tchi. This has the 
appearanco^^of liaving been broken, and of having its 
fractured edges b|*ought together and cemented, and 
then covered with the varnish originally used. «This 
effect is produced through tile peculiar naturd of the 
A'^arnish employed, which never spreatls evenly, but has 
a tendency when in fusion to run into veins and ridges 
of various and uncertain forms. This varnish is mide 
from a sort of agate stones, relluced by calcination to a 
white powder, which after being long . ground in a 
mortar is carefully washed, and used Ay hen of the con- 
aistence of cream. It has been suggested that crystal 
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would }>robably answer tliis purpose as well as the 
coarse ajates of the Chinese;, and among all the de- 
mands of fashion .which ever 6eeldng for something 
new, it might perhaps serve the interest of some maim-. 
acturer to put this suggestion to the pfoof. 

Another hind of porcelain, much esteemed bj the 
Chinese, is called by them kia^tAing, which signifies, 
jiressed azure, lij vessels of this description the colours 
ap])ear only when the cups are filled with liquid. The 
manner of making porcelain so as to proddce tiiis 
is as follows : — The cuj) is mide very thin, and after 
having. been once baked, the colours are applied in the 
required forms on its# inner surface. When dry, a 
coating of porcelain earth, the same as that already 
composing the cup, ‘miigt be laid on the inside ; over 
diis, the usual varnish is laid,* so that the coloured 
figures are enclosed between two coats or bodies of the 
• ware. The outside, already very thin, is then ground 
down almost to the painted figure^, which are thus 
inaile to appear externally, when thejf must be covered 
anew with a coat of varnish so as tef be scarcely percep- 
tible from tlie outsid^, until the vessel being filled with, 
liquid, this acts as a kind of foil behind, and throws out 
the figures which bt'fore were obstured. So much care- 
fulnels is called for in the prgductioii of kia-tsing, that 
the art is very seldom practised. • 

, ^nother admired art %raong tliis pgople is that of 
•pibducing the seihblance of various figure$iupon pure 
white porcelain, whose Surfaces are yet entir<jly smooth. 
Having fashioned a vessel, with the finest materials and 
extnemely thin, it must be polishetrinside an^J out, ivhen 
a stamp cut witli the requisite figures iv relief must be 
pressed upon the mner* surface of the unbaked vessd. 
The finest white va'rnish must next lie applied over its 
efitire surfaces, so that the cavities impressed by the 
stamp are filled by it, atid the smbothness of the inner 
surface is restored. When the ware is baked, the vary- 
ing thicknesseg of the more opaque varnisli will be ' 
apparent through the transparent sides of the cup, and 
I S 
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the whole of the figures will then be seen as finely and 
accurately traped as if painted on the outside. ^ 

The methods employed by the manufacturers of 
King-te-ching in applying tfie varnish, vary with the 
different qualities of the wares under operation. For 
very fine and^lhin porcelain two exceedingly thin coat- 
^ings ave very carefully applied, and some dexterity is 
required, both with regard to the quantity laid on, and 
the equable manner of its application. To pieces of 
infpior cpality, as much varnish is applied in one coat- 
ings as is comprised in the two layers just mentioned- 
The foot of the vessel is never properly formed until 
this stage of the manufacture, and after the painting 
and varnishing have been completed, when tliis part 
is finished on the wheel, and varnished likewise. The 
work is then fit to be placed in the oven. “ 

The construction of furnaces and the system fol- 
lowed in baking porcelain in China difier so little from 
the structure and method pursued in England, that 
littlf need be said here concerning them. It has al- 
ready been mentioned that the nature of the materials 
employed calls for a much liigher ^degree of heat than 
is necessary in our potteries. To insure this, the Clu- 
nese are very careful in providing a rapid draught, and 
in the incessant feeding of their furnaces with tmall 
billets of w'ood, so as to insure its most rapid com- 
bustion. The learned JesuiC D’Entrecolles obser\jiQ, 
as a thing quite unaccountable, and even inconceivable, 
if he had 2^0^ witnessed the fact, that notivitlistanding 
the enormous consumption of wood during so many 
hours, none^of its aUVes are ever found upon the her»rth 
of the oven. Tliere would have been greater ^ reason 
for astonishment had the contrary fact appeared. The 
rapid draught* excited by the disposition of the oven, 
and the excessive degree of its temperature, would serve 
to carry away compktely through the flue so light a 
substance as wood ashes. 

The tajte for old porcelain appears to prevail fully as 
much in China as it has ever done in this country. It 
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is asserted by some persons^ that such as was made in 
former ctgiys was not only composed of finer materialfi^ 
but was more perfect in tjie mode of its manufacture. 
Unfortunately for this assertion^ there are workmen at 
King-te-ching, who make it their occifpation to coun- 
terfeit these much-coveted relics of antiquity, Which 
are called ka^tmig, and in this they succeed so ^s to , 
deceive the most ^obscrvqnt connoisseurs. In the pre- 
paration of these mock antiques there is but little 
variation from the methods usually pracliseck TTj^ey 
are made thicker than modern \)orcelain, and are made 
to undergo the ceremony of burial for one or two 
moAths in the most loathsome sink of filth which can 
be found, by which means every appearance of newness 
is effaced. ^ 

Several reasons are assigned rfor the high price at 
which Chinese porcelain is sold in Europe. One of 
these is, that owing to their very “unscientific manner 
of conducting the baking process it rarely happens that 
some, and sometimes a very considerable portion, isjiot 
spoilt by unequal or excessive heat, and converted to 
a deformed and shq^ielcss mass. Another reason for, 
dearness is, the constantly diminishing , supply of the 
materials used, and more espocilally of fuel, which be- 
comes very expensive. It js added, that as those 
pieces which are prepared for tlie markets Europe, 
ar^of patterns unaccep&ble to the taste* of home con- 
* sdmers, and as tHe factors are exceedingly particular in 
rejecting every article \fhich exhibits the sligjijjest defect 
either in form or colour, the prices paid to the manu- 
facturers for such as arc accepted must be^ sufficiently 
high tb include the cost of those which are rejected. 
Notwithstanding *theso circumstances, tlie prices at 
which porcelain is' now furnished in Cliina are mate- 
Hhdly less than those demanded in ancient times, when, 
we are informed, as nfuch as 100 crowns were given 
for a singly urn. st the seat of manufacture. The 
emperor monq^iolises the finest specimens of, porcelain 
manufactured in his dominions, and it has thence been 
I 4 
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asserted^ that none which has ever found its Way to 
Europe gives, an adequate idea of tlie perfection to 
which the Chinese have attained in Ahis manufacture. 
The Porcelain Tower erected!^ at Nan-king offers proof 
sufficient of tlie very durable nature of their manu- 
facture. ThW building is of an octagonal shape, is of 
nine stories, and very nearly 300 feet high, and its 
entire surface is covered with porcelain of the finest 
quality. Although this singular and beautiful edifice 
has'^beeivoereeted more than 400 years, it has hitherto 
witlistood all the alternations of seasons, and every 
variety of weather, without exhibiting the smallest 
symptom of deterioration. * 

The intimate mixture of tlie two earthy materials 
so essential to the production of good porcelain is much 
more |>erfectly attained^ if, after the employment of the 
mechanical means already described, the united mass 
be left for a considerable time before its employment. 
The Chinese frequently extend this interval to a space 
of fifteen or twei-ty years; and instances are not un- 
common, where the- provident care of a parent leads 
him to prepare as much porcelain clay as will suffice 
for his son’s use, during tlie whole period of his life. 

The Chinese excel iu the manufacture of brown 
earthenware, which being sold at a very low^ ])rice is 
used coimionly throughout the empire. Porous vessels 
for cooling water are also r.ikde by them of fullCT’^ 
earth, whicjj is principally composed* of alumine and 
very pure ^ilex, in. combination with oxide of iron. 
The name by which porcelain is distinguished in this, 
the country of its ea'fKest jiroduction, is tse-ki. * 
An attempt ^yas once .made by the government to 
remove the seat of manufacture to the imperial city of 
Pekin. 7’his, however, although ncr effort was spared 
in the business, proved unsuccessful, and the sole pro^ 
secution of the art reverted to •’King-te-ching, wliere, 
according to the statement of different travellers, there 
are estahl^hed .500 factories, giving employment to 
more than a million of artisans. There appears no 
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good reason for jj^lieving that the manufacture would 
not hav^ been prosecuted with equal suceess at Pekin, 
if those who directed it had been so disposed ; and the 
diflerent result which has been recorded is supposed to 
have arisen from the disinclination of th*e pianufacturers 
to be brought so closely within the control of a go-* 
vertiment supereminently famed for meddling wifti tlic * 
private concerns of its subjects. 
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• • * 

Maxv circ uni Stan CL'S c^lltnbutc to render* glass one of 
the most curious ifiid yitcresting of manufactured sub- 
stances. 

^ Although perfectly transparent itself, not one of the 
materials of which it m made pSrtakes of that quality. 
Exceeding]^ brittje while cold, it becomes^ by the appli- 
cation of heat, so remarkably flexible and tenacious as 
to be convertible into every fonti that fancy may dictate 
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or convenience suggest. Its great ductility is shown in 
a very striking manner by the slender filaments — small 
as the fibres of a spider's web — i^to which it is spun 
for ornamental purposes. Many hundred feet of these 
filaments may be drawn out from a heated mass in the 
space of one minute. Its idiancy and elasticity are 
. proved by the facility with which, when in the state just 
mentioneil, it may be bent and retained in various forms, 
and by the energy wherewith its original shape is re- 
sumed ab the moment of release from Hs constrained 
position. 

The impermeability of glass to water, even under a 
considerable degree of pressure, is well ascertained. A 
few years ago, the reverend Mr. ('anipbell, while on a 
voyage to Southern Africa, among other philosojdncal 
experiments wherewith he amused himself, caused two 
globular glass bottles hermetically scaled to be lowered 
by means of leaden weights to the depth of 1200 feet 
beneath the surface of the sea. These, througli the 
united and coiiunuous exertions of ten men during 
fifteen minutes, w^erc again drawn up, and were found 
to be perfectly empty. 

The continued exposure of glass to the greatest heat 
whereby it is melted, docs jiot produce any sensible 
diminution in its weight and quantity, or any alteration 
of its properties. It is capable of receiving colours, and 
of retaining t'nem in all their lustre for an inde%iite 
period. The strongest acids — wdth one exception that 
will be noticed — h<. ve no effect upon it ; a circumstance 
that renders glass additionally useful in assisting the 
researches of chemists. It is capable of receiving the 
most perfect pch.sh, preserves all its beauty, and does 
not lose the smallest portion of its substance by the 
longest and most frequent use. 

The admirable qualities and important uses of glass 
have been so happily pointed out by one of the most 
celebrated writers of the last century, that no apology 
will be n'^eded for the insertion of the passage. 

" Who, when he saw the first sand or ashes by a 
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casual Sntenseness of heat melted into a metalline form, 
rugged with excrescences, and clouded wjth impurities, 
would Have imagined that in this shapeless lump lay 
concealed so many conveniences of life as would in 
time constitute a great part of the happiness of the 
world ? Yet by some .such* fortuitous llfjuefacticni was 
mankind taught to procure a body at once in « high^ 
degree solid and transparent, which might admit the 
light of the sun, ^nd exclude the violence' of the wind ; 
which might ^extend the sight of the philqfiophc!)' to 
new ranges of existence, and« charm him at one time 
with the unbounded extent of the material creation, and 
at another with the ^ndless subordination of animal 
life I and what is yet of more importance, might supply 
the decays of nature, and succour old age with sub- 
sidiary sight Thus ^Jas the^first artificer in^ glass 
employed, though without his own knowledge or expect- 
ation. ‘ He was facilitating and prolonging the enjoy- 
ment of light, enlarging the avenues of science, and 
conferring the highest and most lasting pleasures ^ he 
was enabling the student to contemplate nature, and the 
beauty to behold herself.*' * 

The utility of a substance which is dually and hourly 
rendered serviceable by all classes of persons ia almost 
every human habitation cannot need to be exemplified. 
The aids which it offers to scientffic researches are almost 
equally apparent. To n^ice the particular arrangements 
• wilbreby the*cheinist, the naturalist, tSf thq astronomer 
avails himself of someiof the various properties of glass 
in pursuing Ills investigations, woidd lead to descrip- 
tions which, although interesting rift a high degree, are 
foreigB to the object of this treatise, wjiereih little more 
than incidental notices ^an he given, on points that have 
relation to improvements in the manufacture. 

^ It may be useful, however, to notice here an error, 
not unfrequently made/ from observing glass to be the 
only transparent ^material used in making spectacles, 
opera glassdb, and other optical instruments.^ Persons 
* • Rambler, No. lx. ^ 
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are indvced^ from this circmastance^ to ascribe to 
peculiar quality of glass the exclusive power of modi- * 
lying the apparent magnitude^ brightness^ and dlstinciil^ 
ness^ of objects seen through it. This> however^ is not 
an exclusive property of glass> but Wlonga to every 
transparent substance having a densi^ different from 
^that of the air which surrounds the observer. It depends 
also, not alone on the inherent qualities and density oC 
the transparent substance through which the oldects are 
viewed, but also on the form of the surfaces which bound 
that substance, and on various other circumstances not 
necessary to be noticed more particularly here. The 
reader will, therefore, recollect, t})at the optical properties 
of glass are common to the diamond and other trans- 
parent solids, to all transparent liquids, and even to gases.* 
Glassfjs commonly used on account of its .cheapness and 
durability, and fur other reasons of convenience. 

It is impossible, liowever^wholly to dismiss this 
subject unaccompanied by ex^cssions of admiration at 
the^ genius of drose master spirits, who, by their dis- 
coveries and inventions, have rendered glass subservient 
,to purposes that open and enlarge the field of human 
knowledge in spme of those branches of natural philo- 
sophy which tend most^ to refine the nature and exalt 
the character of man. 

FamiKarised as we are to* ♦lie use and appearance of 
gksBj yet no person can ever jccome indilTerent to its 
advantages,^ or ai sensible, to its beauty. Neither \’an 
we feel ^tonishment ad.niration "^hich induc>ed 

thd ancients,- wdiile therwt of making it was little 
practi{sed, and in th(.oe countries where it was not^ yet 
established, so .greatly to covet the possession (ff gljtss 
vessels as to purchase diem at prices which to u$ appaar 
exorbitant. We are told that the emperor Nero 
for two cups widi handles 6000 scatertia, a sum neady 
equal to 50,000/. of our money. These vessels were 
not of any extraordinary size, but were thus highly 
valued op account of their perfect transparence, and 
resemblance to crystal. 
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^ The name ivhereby this material is knotm to is 
> ^erally said to be derived f^om the LatiA; and to have 
heen su^ested by its great sihiilarity in appearance to 
ice (glades). It has been remarlced^ boweverj that the 
common Latin designation hvitrum; and as the Homans 
gave this name also to the plant which we caH wood, and 
which our remote ancestors called gtasium, it is ima-* 
|[ined that glass ol]|(ained tho same distinctive appellation^ 
because of the bluish tint wliich it usually exhibi^d. 
There is as little probable foundation for one Is for 
other conjecture, nor is the question of much importance, 
since, whichever way it mightbe determined, no light would 
be thereby thrown upon any point of interest concerning 
the origin of the manufacture, which, although involved 
4n the most inipenctrablc^mystery, is yet known to have 
existecPlong before its introdneti5n among the Roftians. 

The passage in the book of Job (ch. xxxvii. v. 18.), 
wherein mention is suj)jj|sed to be‘ made of glass, has 
been adduced by Neri in proof of its remote origin. Un- 
fortunately for the correctness of this opinion it has been 
feUind, that in many ancient versions, *lnstead of the glass 
of the ^’ulgate and ^ptuagint, other substances which ' 
have diaphanous and shining properties are mentioned. 
In fact, the word in tlie original Hebrew has been fre- 
quently used, according to the fano^ of translators, to sig- 
nify diffcreTit botlies possc.^ing lustre and transparency.. 
The two problems of Aristotle — if, it^l^d, they were 
proj^unded iTy tliat philoso]^|r — “ Why do we see 
through glass and n of malleable?" com- 

prise, perhaps, the earliest written mention made of the 
■» substtnee. Theophrastus, whose v?ritings are not haJtf 
a centu^ later than the time of Aristotl», mentions the 
use* of sand from the river Belus in making glass ; and 
Anqgi that date (300 years b. c.) a knowledge of the ma- 
teMsl was pretty generally diffused.^ If reliance is to be 
placed upon the statement, that the celebrated sphere of 
Archimedes was madf* of glass, the art must in his time 
(209 years b. c.) have arrived at a consideiahlt degree 
of perfection. 


K 
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Many authorities concur in assigning the merit of the 
invention to the Phcenicians ; and the assertion of Pliny 
is often repeatedj which attributes the discovei^ to acci- 
4lent. Some storm -driven mariners were boiling their 
food on the at tlie mouth of* the river Beliis— a 

smalf stream running from* the foot of Mount Carmel in 
Galildb — where the lierb kxdi was growing abundantly, 
and are said to have perceived tlxat thp sand, when incor- 
porated with the ashes of this plant, melted and ran into 
a ritreoifj substance. It is certain that Ahc sand about 
this spot was well adapft*d to the manufacture of glass, 
and probably the glass-houses of Tyre and Sidon were 
supplied thence with this material, which may have given 
rise to the tradition. 

That the ancient Egyptians were well acquainted with 
the method of making glass cannot l>e doiibteth The 
beads wherewith some mummies are adorned, although 
com|)osed of earthenware, hjijipe an external covering of 
glaze, whicli is true glass, coloured with a metaUic oxide; 
ami recent searchers have discovered among the tombs 
at Thebes some pieces of glass of a blue colour, similar 
in their composition to the glazing on the beads just 
mentioned. 

The glass-houses of Alexandria were long famed for 
the skill and ingenuity displayed by their workmen. 
The Ifbmans were, at one time, su])plied with a 
great part of their glass ware^froin that cify. A coarse 
and impui'e manufacture of drinking vessels had hCen 
prosecuted at Ron^u from the tiliic of Nea^) ; but the art 
could have Inade only a slow progress notwdthstandiug 
the encouragement Offered by the high prices at Tj^hicli 
glass wares of foreign make were sold in the imperial 
city. The emperor Hadrian, awhile at Alexandria, re- 
ceived from a priest some glass cu^Ss of various colours, 
which had been used in the worship of the temple, <.Ad 
transmitted them to 'Rome as objects of great value and 
curiosity, witli an injunction tliat tliey should be used on 
fesdvalr and otiier great occasions. 

Utensils of glass have been found among the ruins of 
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Hercuianeum, which city was destroyed in the reign of 
the em{)eror Titus, by the same eruption*of Mount Ve- 
suvius i^hich cost the elder Pliny his life. It does not 
appear that glass was used for arlmitting light to dwell- 
ings in Herculaneufii, the largest houses having windows 
made with a s]:)ecies oP transparent talc. 

In the British Museum are four large cinerary urns* 
made of green gl^iss, which have l)een pronounced by a 
very competent authority favourable specimens of^the 
proficiency o& the ancients in the art of glai^-blowkig. 
These are round vases of an elegant form, furnished writh i 
covers, and two double handles. The formation of these 
handles is, it is said, “•such as must convince any person 
capable of appreciating the difficulties which even the 
modern glass-maker wq^ild have to surmount in their 
execution, that the ancients wete well acquainted with 
certain branches of the manufacture/* * 

Several ancient authoij {Dion Vh^siuHj Petronim Ar* 
and Jiiidorua) relate, that in the reign of Tiberius, 
an architect, wdio had been banished ffom Rome on*ac- 
count of his great popularity, having, in his retirement, 
discovered the meaiy} of so far altering the nature of* 
glass as to render it malleable, ventured to return to 
Home, in the hope of securing toth a remission of his 
sentence and a reward for hisdn^ention. This discovery 
not agreeing, how^ever, with the supposed intereSts of the 
tyrant, w^ho feared lest the value of gojjl knight be low- 
► efetl by its means, the architect was beheaded, and his 
secret died with him. • This is, prOliably, only another 
version of the story related by Plin of the^sarae import- 
ant»discovery having been made by an artist in Rome, 
w'hen Such of the j^opulace as imagine<l«that their inter, 
ests would be injuriously affected thereby conspired to- 
gether and destroyed his dwelling. 

similar discovery, attended by results as unsatis- 
factory, and which is safd to have occurred in France in 
the more modern .times of Louis XIII., is recorded by 
Blan court. He says, tliat the inventor having pnss^ted 
Memoir on Glass Incrustations, by A. Pellatt, 
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a bust formed of malleable glass to the cardinal Hiche- 
lieu, was rewarded for his ingenuity by perpetual impri- 
sonment, lest the ‘‘ vested interests"’ of Freilch glass 
manufacturers might be injured by the discovery. 

Without venturing altogether to deny the truth of 
these stories, it would be hard to subject to the charge 
' of presumption those persons who entertain doubts upon 
the matter. It does not, certainly, prove the incorrect- 
nes^s of the statements, that no subsequent examiner into 
the arcanU of 'nature has been equally fortunate ; and it is 
assuredly that sdhie successful investigator may 

yet be the means of revealing that which has already been 
thus ascribed to mbre than one eKperiinenter. 

Improbable as the achievement of this would seem. 
It would be scarcely more extraordinary than tlie trans- 
formation of linen rags into sugar, or the conversion of 
saw-dust into wholesome, palatable, and nutritious 
food,” The purposes both of use and of ornament to 
which glass would in such a case be applied are almost 
endless, and theiV importance can hardly be over-rated ; 
nor should we in these days have occasion to fear, lest 
the insensate obstructions of some modern Tiberius or 
Richiieu should step bt'tween the discoverer and the 
promulgation of his secret. 

According to our present amount of knowledge, the 
chance 6f realising such a discovery is, however, limited 
within the barest possibility.^ The quality of mallea- 
bility is iir direct contradiction to tJiat ot vitrihcation ; 
the existence of the one state st^ems to be incompatible 
with that ofVie other. Some metallic substances when 
greatly urged by fire** are made to approach towardr. the 
state of glass, ^nd then lose fheir malleability,’* a fact 
which almost implies the impossibility of imparting tlie 
latter property to glass. Kunkel has indeed observed, 
that it is po^^ible to produce a composition having <ftn 
external glassy appearance, whith should be pliant and 
capable of being wrought under the hammer ; and 
Neumar*) tells us, that in the fusion of muriate of silver 
a ductile kind of glass is formed, which may be moulded 
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or turned into different figures^ and which xnay be pro- 
nounced in some measure malleable ; fticts to which 
Henckef has referred in order to account for the tra- 
(Utionary stories of the ancients. 

The Latin writers of the Augustan age ynake frequent 
mention of glass. Virgil compares to it the clearness 
of the water in the Fiicine Lake (iEn. vii. V59.) ;• 
and Horace spea]^s of the lustre and transparency of* 
glass in a way which shows that it could then be made 
with a considerable degree of perfection. * Iif the year 
220 a tax was laid by Alexander Severus upon the glass 
manufacturers in Rome, who at this time existed in 
such numbers, that a principal quarter was assigned to 
them in that city, wherein they might carry on their 
processes. This tax w^s still levied in the reign of 
Aurelian. • ♦ 

The most celebrated specimen of antique glass is tlie 
vase, which during more than two Centuries ornamented 
the Barberini palace, and which, having been subse- 
quently purchased by the late duchetlfe of Portlanc^ is 
^better known in tliis country as the Portland vase. This 
much-admired production was found about the middle* 
of the sixteenth century, enclosed in a marble sarco- 
phagus, and de])osited within, the tomb of Alexander 
Severus, who died in tlie year 235. The body of this 
vase, which for a long time was erroneously supposed to 
be formed 8f porcelain, fe made of deejjlilue^Iass, and 
• is ornamented with white ojiaque figures in bas-relief, 
which are designed Imd sculptured in tha style of 
cameos with a degree of skill which is tndy admirable. 

Qlass melted and cast into plafes, is sai^l by St. Je- 
rome to have been used'in his time (a^). 422,) to form 
windows. About* a century later, Paulus Silentiarius 
mentions the windows of the church of St. Sophia at 
^tonstantinoplc which were covered witji glass; and 
from this period frequftit allusioits to the similar use of 
glass are met with in various authors. 

Ijong before the establishment of the m|nufactuTe 
within this island, glass was known and used in £ng- 
K 3 
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land. The Venetians who traded with this country in 
very remote times furnished this among other articles 
of commerce in exchange for tin. The erudite l^ennant 
is of opinion, that glass-making in Britain dates prior 
to the Roman inVasion. The Druids were accustomed 
to impose upon their more ignorant followers by means 
of clumsily formed beads of coloured glass, wliich they 
pretended were endued with the quality of guarding 
their possessors from evil. 

The veiiotanle Bede, who lived very n^ar the time, 
and who therefore had good o}iportunities for ascertain- 
ing the fact, has asserted in his History of VV'eremouth, 
that in the year 673- the abbot Benedict sent for artists 
from beyond seas to glaze the windows of tlie church 
and monastery of Weremouth in Durham, and tliat 
these men were our first instructors in the art of making 
window glass. This art' however took root but slowly 
among us ; and it was not until the eleventh century 
that glass windows w’cre at all commonly used, either 
in private dwellings or in ])uhlic and religious edifices. 
PrevioiLsly to this fiino, liglit was imj)erfeetly trans- 
mitted through linen cloths or wooden lattices. The 
houses of the commoner peo])le w(tc not, indeed, fur- 
nished with this luxury until the thirteenth and four- 
teenth centuries, in wliich respect our ancestors were 
greatly fythiiid the inhabitants of Italy and France. 

The followhig curiou-i entry, extracteni from the 
Nortliumlx'iiand household hook, makes it apjmrent that 
at a much later period than the cftie just mentioned, tl)e 
comfort of gfazed windows was not considered as a 
matter of course even in estahlisliments where g-«eat 
state and magnificence were maintained. I'liis entry 
occurs in the minutes of a surfc'ey of Alnwick (Jastle 
made in tlie year 1 56‘7 : — 

And bemuse throwe extream windes the glasses tJf 
the windowe* of this and othef my lords castels and 
houses here in the country dooth decay and w^aste, yt 
were goo«/ the whole leightes of everic windowe at the 
departure of his lordshippe from lyingc at anie of his 
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sade castels and houses, and dowring the time of his 
lordshippes absence or others lyinge in th^ were taken 
doune artd lade up in sa/etie ; and at sooch tyme as 
ether his lordshippe or anie other sholde lye at anie of 
the sade places, tho same might tlien^be aet uppe of 
newe with smale charges to his lordshippe ; whereas 
now the decaye thereof shall be verie costlie and ciiarge- , 
able to be repay rey.** 

We learn also from Ray's Itinerary (p. 187-), that 
ill Scotland as late as lG6*l, the of *jlie 

ordinary country houses were ifot glazed, and only the 
upper part^ of those of even the king’s palaces had glass, 
the lower ones having i;wo wooden shusters to open at 
pleasure and admit the fresh air.” 

W’^lieu desirous in foryfier times of giving encourage- 
ment to some important manufactures, the gover»ment 
of France was induced to declare their prosecution to be 
nowise incompatible with the dignity of aristocratic 
blo<xL Early in the fourteenth century that govern* 
ment made a concession in favour *of glass-mal^ng 
greatly beyond this point, decreeing, not only that no 
derogation from nobility should follow the practice of, 
the art, but that none save gentlemen, pr the sons of 
nohlernen, should venture to^ t*ngage in any of iU 
branches, even as working artisans. This restriction 
was accodipauied by the grant* of a royal charter of 
incorjioratidh conveying* various important privileges, 

• uiuftr which *tbe occupation iK^caine eventually a source 
of great w^ealth to sevelal families o<’ distinction, whose 
descendants have at times attained to ^me of the 
highest dignities of the state. * * 

The* good policy is Apparent of thys holding forth 
inducements to the only parties then qualified by the 
possession of capital, and probably also by their intelli- 
ffince, to establish works upon a scale could lead 
either to national advantage or ^ndividtml profit. A 
middle class of pe/sons, springing from the lower orders, 
have since grailually placed themselves at lea|f upon a 
level ia point of intelligence with those of more illus.^ 

* K 4 
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trious descent ; and by the exercise of that intelligence^ 
conjomtly with prudence^ have acquired the means for 
undertaking works of magnitude. This altered state 
of society would render such exclusive privileges not 
merely unnecessary^ but would make them absolutely per* 
nidotfs. 

, Not*,vithstanding the marked encouragement just 
related on the part of the French government, some 
time elapsed before the manufactures of France could 
riv^ thoso of ‘Italy. Venice, in particulai;p long excelled 
in the quality of its mirrors and drinking glasses, with 
which the - manufacturers of that city suppli^ the rest 
of Europe. The most considerable of their glasshouses 
were established at Murano^ a village situated a short 
distance from the city. 

Duiving the ministry tof the celebrated Coll)ert, some 
French artists, who while residing in the Venetian 
state had acquired a know'ledge of the processes used 
at Murano for the making of plate glass, returned to 
Frapee in the htj^ic of profitably pursuing the manu* 
facture in their native country, Such an event falling 
^n with the views of Monsieur Colbert, who was anxious 
by every mean£» to extenrl the useful arts within the 
kingdom, these artists Wgre in the year 1 ()(>5 established 
W'ith privileges at Tourlavillo near Cherbourg, and an 
advance »fof money was made to them from the public 
coffers to assist’ in the formation of their establishment. 
The j)lates made by this company were blown, after the 
system uj^*d in the Venetian inailufactories. 

It was not 'ur. cil li)88 that the bcautiftd art of casting 
plates of glass was invented by a manufacturer named 
Thevart, who, obtaining a })at£nt for the inventdon to 
continue in force during thirty y^ars, '’established a com- 
pany and erec(^?il works in Paris, where plates were cast 
of the then*j|^traor(linary dimensions of eighty-foitr 
inches long * fifty inches wide, a size which excited 
universal astonishment and admiration. The expense 
of conducting such a manufactory in the metropolis was, 
however, so great, that the establishment was transferred 
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to St. Gobain in Picardy^, where the undertaking Waa 
prosecuttid^ not without considerable opposition froha the 
more ancient association. « 

To accommodate the ^sputes between these rival 
establishments, Thevart’s company wad l^und not to 
cast any plates whose dimmisions should be less Hhan 
sixty inches in length and forty inches in breadth.* The • 
largest piece that had then b^n produced by blowing 
did not exceed fifty inches in its largest dimension. 
This arrangement failed to produce hamfbn^ between 
the rivals ; but in 1 695 that end Vas effectually answered 
by uniting* both companies under the same charter— 
not however^ as the issue proved/ to thf^ mutual 
advantage; — for, possibly owing to a of the 

salutary spur of competition, the company ‘'declined in 
prosperity with such rapidity, that in two yeal^«from 
the junction the united body waoin a state of insolvency, 
obliged to discharge most of itsT workmen, and to 
abandon many of its furnaces. 

No blame can be charged upon the* French govern- 
ment for the protection and privileges afforded to these 
companies. It is probable that without some im- , 
munities neither of the establishments ^ould at that 
early period have been undertaken. The instances 
however are rare, and the cicpumstances whereby they 
have heed attended peculiar, in which joint-stock 
trading companies have teen prosecuted 'to advantage. 
•Th^causes of this fact are not difficult of explanation. 
It is seldom that the personal interest of those to whom 
the particular management is intrusted id sufficiently 
stroug to insure the requisite amdbnt of attention, or 
the proper degree of peedniary watchfulijess, if even the 
still more unfavourable condition does not arise wherein 
private advantage is opposed to the general prosper. 

and it is sought to conduct the op^jtions rather 
with a view to individual profit than t^lke common 
advantage. 

In the following year a new association wa^ formed 
out of the ruins* of the old company, under the manage- 
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ment of Antoine d’Agincourt, who re-engaged ilie dis- 
charged workmen and by the prudence of his arrange- 
ments conducted the affairs ^ith considerable ‘profit ^to 
the adventurers. 

Blancourt^ irf his Art de la Verreric/’ relates as 
the niode in which the casting' of plates of glass was 
.discovured, that a person wdio was melting some of this 
material in a crucible accidentally spilt it while fiuid 
upon the ground. The metal ran under one of the 
large flag«stolics whercv(i^i the place Avas.paveth wliich 
obliged the workman to' take up the stone in order to 
recover the glass. lie then found it in the/orni of a 
plate^ such as could not be produced by the ordinary 
process of blowing. The man's attention bt'ing roused 
by this fact, he w'as unable to sleep ; and conceiving at 
once the superiority of Ohis method for forming mirrors, 
he immediately commenced experimenting ; and before 
the day appeared had proved the practicability of the 
improvement which the purest chance had thus placed 
witjun the sphere of his observation. This occurrence 
is said to have arise«i 200 years before it was related by 
Blancourt, whose treatise is dated in lOOf'* It cannot 
therefore liave any refeience to the then recent proposals 
and performance of Thevart. 

The manufacture of flint glass was first begun in 
England) in the year 15.57 at Savoy Hodse in the 
Sttand, and ifi Crutched Kriais. In 10,75* Sir Robert 
Mansell ol>tained a monopoly for making this kin'd of 
glass, in consideraiion of his beiiig the first person who 
employed piti coal instead of wood in his furnaces. 
The art could not at this time have reached any great 
degree of perfection, as permission was further conveyed 
by the patent for importing drinking glasses of fine 
quality from \"enice, and another Imlf century elapsed 
before this ^>un try became iiulej^>endent of foreigr 
supply for mm articles. 

The second duke of Buckingham .has the merit of 
much improving the manufacture of British glass by 
means of certain Venetian artists whom he brought to 
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liondon in 1670. Three years later than this period, 
the first plates of English glass were made, at Lambeth 
under the*auspices of the same nobleman. The violence 
of party spirit which characterised that age should lead 
us to receive with (*aution all estimates character 
which we may find r(?corded by contemporary Tjio- 
graphers. Although there was unquestionably mutjh of 
vice and profligacy’ in the general conduct of this 
favourite of a vicious and profligate master, we may 
yet hesitate to •believe that ths(Nman who tou4d apply 
himself to the study of letters, ^hd who, in the manner 
above related, interested himself in promoting the 
useful arts of life, could at the same time be so utterly 
depraved both in mind and in lieart as the page of 
history has represented. ^ 

The first English establishment of magnitude fo» the 
casting pf plate glass was undertaken in 1773. A 
respectable body of gentlemen at that time obtained a 
royal charter of incorporation, tlie privileges of which 
W’ere cotiflrmed to them by act of parliaTnent, under tjip 
style of 'file Ch)vemor and (-ompany of British Cast 
Plate Glass Manufacturers;'* and having subscribed a 
capital or joint stock in eighty shares of •five hundred 
pounds each, constructed works of 'considerable extent at 
Ilavenheadj near Prescot, in lAancasliire. This under- 
taking, the only one of the kind existing in this country, 
and rivalled Tiy none but tffat of St. Gobain'in France, Js 
•till prosecutecl wnth success ; and some description of 
its oj»erations wdll be foiind in a future chapter of this 
volume. • 

It* is deserving of remark that*thc (’hin^se, whose 
early prt)ficieiK'y in tlie * sister art of *inanufacturing 
porcelain was so long u«rivalled in Europe, have yet 
no practical knowledge of glass making, and that even 
there does not exist, throui^hout tkji extenidve 
empire, a single glasshouSe which is propli^ deserving 
of that name^. Gla^s working is indeed practised at 
Canton ; but the art is there wholly confined tcy the re-* 
manufacture of old or broken glass of foreign make. 
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which is melted and either blown or moulded into new 
forms. 

A similar remark may be. applied to the iflhabitants 
of Hindostan. Dr. Tennant informs us that before 
the arrival of the Europeans, therfe was not a house in 
all India furnished with glask windows*," although 
thercf are not many climates wherein such an employ- 
ment of glass is more conductive |to comfort. The 
knowledge which the Hindus then possessed of the art 
of making ftiis materi 4 |hvas limited to the manufacture 
of trinkets and trifling drnaments ; in fact, their inability 
to construct furnaces of power sufficient to melt together 
the ingredients orwhich it shoidd be composed rendered 
it impossible for that people to apply tliemselves to the 
manufacture for any more useful purpose. Of its 
ada]ftation to optical pur|)08es they were so ignorant, as 
to be astonished and confounded the effects of u 
common spy-glass." t 

Any more minute enquiries into the origin and 
progress of the* manufacture of glass would not offer 
much either of interest or advantage. The investigatiop 
would not connect itself with any, facts that bear upon 
the history of commerce, nor throw any light upon 
questions of international policy. The general abundance 
of materials needful for .making glass, and the facility 
with Tvhich these can be converted — at* least into 
aHicles fitted ^for common use — are omiosed to its 
becoming •'tinder any circumstances an object of great 
moment in foreign- ceirmierce. The advantage possessed 
by this courftry in^the superior quality and abundance of 
its fuel clpcs not ofrer sufficient compensation for the 
heavy charges /hat would attend the transport •of such 
bulky articles to countries which themselves possess 
adequate means for prosecuting the manufacture. 

Glass in its various divisions, has long propftd 

a very consmrable branch of ihdustry in this kingdom ; 
and although, for reasons that will be^ noticed, our 

• /tidian Hecreattons, ^ol i. p 325^ ' 

+ Join’s Hihtory of Krit. India, vol. i. p. 361. Quarto edition. 
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continudly growing power of attaining comforts has 
not occasioned a corresponding increase in ,the quantity 
retained ior domestic use^^ our colonial relations have 
always insured a very considerable export trade to the 
manufacturers. • * 

The portion of glass made in Great Britain, and re- 
tained for home sale^ has long been converted into a 
source of considerable national revenue. If articles of 
domestic manufacture are at all legitimate objects of 
taxation, it doe^ not appear th^any peculiar 5^bjecti*qn 
can be advanced against the extension of tlie system to 
this particular branch of national industry. The prices 
of sucli glass utensils are of most* common employ- 
ment cannot be considered great when viewed with 
reference to their beauty and the extreme convenience 
which attends upon their *use ; while upon articles/)f a 
more costly description the duty comprises a comparatively 
small part of the ^)rice. It would therefore seem little 
likely that any material check to the use of either 
description would be caused by ever.® a considera^^le 
augmentation of the rate of duty. • Tlic result has, 
Ilovvever, always disproved the correctness of such an 
opinion, as every addition which has been made to the 
rate of duty has occasioned a most important falling off 
in die produce of our glasshouses. 

In the *y ear 1812 an additioAal duty was imposed 
upon glass manufactures 'generally, vvhiciv, it w^as esti- 
^ati^d by the'then cliancellor of the Exchequer, would 
produce an augmennuion of revenue to the extent of 
528,(100/. The immediate consequences, ^however, of 
tlm jneasure, so far disappointed* the expectations of 
the minister as to occasion a falling off' jin tlie quantity 
manufactured ihroughoi^t the kingdom of ratlier more 
than one third, by which means the anticipated increase 
q£ 4 ;evenue fell short by the sum of IS5,0(K)/. 

The general evil tendon cy of th?s systcilpof taxation 
cannot, perhaps, be better or more clearly cxemplided 
than by the sltaternent of a few simple facts connected 
with the manu&cture of glass. ^ 
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The average quantity of all descriptions annually 
retained for. home use in the three years ending in 1793 
was 373^782 cwt., while thq average quantitytconsumed 
during the three years ending in 1829» amounted to 
1 56 cwt.; showing an annual decrease In the manufac- 
ture' of cwt., notwithstanding the great increase of 
popi^ation and the still greater strides in civilisation 
made during the interval by all elapses of the commu- 
nity. 

/If tlic (fiiantities gjjpduced during (^qual periods of 
three years, immediately preceding and following the 
last and most considerable advance in the rate of duty, 
are then contrastc<l wdth each ^ther, the effect appears 
in a yet more striking point of vicw^ The annual 
average quantity made for home use during the tliree 
yeai^ ending in 18k2 was cwt., while the 

average of the three following years ending in 1815 
W'as 2^4,931 cwt. ; showing an immediate falling off of 
148,483 cwt., being upwards of 35 per cent, upon the 
linger quantity*, a circumstance wdiich could not fail, 
among other evils, to bring distress and misery upon 
a considerable number of operative manufacturers. 

On the otl],er hand, a diminution in t)ie rate of duty 
on plate glass was effected on the 5th of July, 1619> 
it being then lowered frpin 9^^*'* to OO*’. per cwt. As 
a comfequcnce, the quantity manufactured* has since 
been steadily and progressive!/ increasing. ' During the 
three yeavs preceding the abatement, tlie average quantity 
annually manufactured was (>2^9 cwt., yielding aj^ross 
revenue of ^^0,424/., whereas the average quantity made 
during the three ' }lsars ending in 1829 ainounV^d to 
15,235 c'wt., j^nd the revenue produced was 45,705/., 
being an increase of more tl^an 50 per cent., derived 
from a rate of duty diminished to the extent of 40 per 
cent. 

Could any facts lAore forcibiy point out the pernicious 
tendency of heavy duties upon articles of domestic 
manufi^cture, or more clearly indicate the course which 
it were wise to follow in remodelling to as great an 
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extent and as quickly as is practicable, this branch of 
our iinaftcial system ? • 

It is ♦nuch to be regr/etted that any circumstances 
should have arisen to delay the execution of the ex- 
pressed intention of the government altogether to re- 
move the duties upon ^la^s*. Whenever this measure 
shall be accomplished, it can hardly fail to induce such 
an extension of th^ manufacture as will prove generally 
beneficial to the community. The abolition of these 
duties would b^ accompanied byifle still further advantage 
of removing all those vexatious '‘regulations, and restric- 
tions under which the manufacture is now carried on, 
and which will cease, as a matter of course, when the 
article is no longer an object of revenue. 

It is principally owing jo these restrictions that so much 
foreign glass is now brought iifto this country i'l the 
face of what mav be considered an ^amply protecting 
duty. Foreign manufacturers are allowed to make 
any and every article out of that qui^lity of glass which 
will most cheaply and advantageously ’answer the end, 
while our own artists are forhitldcn to form certain 
objects, except with more costly materials, wrhich pay 
the higher rates of duty. Nor is this restriction only 
commercially WTong, since it forms matter of just com- 
plaint on the part of chemuits, that they are unable 
to procure utensils fitted for effecting many of the nicer 
operations t'onnected W'lSi their science, because the 
due ‘protection of the revenue is thought to require 
that such utensils shaP be formed mut of that quaKty 
of glass alone which, apart from all considerations of 
price, is otherwise, from its propT^rfics, really unfitted 
for the- purpose. Relax’ations are, indeed, sometimes 
made on this head in particular cases by the com- 
missioners of Excise ; but the trouble necessarily at- 
4eBi(ling applications to a public hoard is greater than 
can be compensated by the trifling money adv|jintage 
that can result in each case to the manufacturer, and the 
interests of science are, consequently, made to sufier. 
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ON THE VARIOUS INOREI^ieNTS EMPIATTED ZN MAKHNO 
^ • 6I4A6S. ' • 

GLASS ALWAYS COMPOSED OF SILEX VlTM ALEAM. — WFElftEKT 
VKSftltirriOl^S of glass. — sea-sanji. -^soda and potasm.— • 

^ FEAKlr>AS1f. — BARILLA. K f LP. — r WOOD- ASHES. NITRE. 

XJTIIARCK. — 511MI/M. MANOATsESE. -1- ARSENIC. BORAX. 

f“ CHALK. ^ 

^ ^ w ’ . t 

Under the general nai^ic of glass, chemists comprehend 
all mineral substances, which,* on the application of 
heat, pass thrbuglv a state of&isj^on into hard ami brittle 
masses, and which, “if theh hrokcii, exhibit a lustrous 
fracture. Most glasses are transparent idso ; and the^ 
non-pxistence of tliis jtroperty^is generally owing to the 
presence of some foreign and unessential substance. 

^ The glass of t^mmerce — that beaiUiful manufacture 
to which the generic name is most commonly applied — 
does not includer so w'idc a range of bodies ; ana is al- 
ways composed of .some siliceous earth, the fusion and 
vitrification of which has been occasioned by certaii't 
alkaline earths, or salts, and some'iirnes with the aid* of 
metallic oxides. 

There are five different and distinct qualities of 
glass n^^nufactured fof domestic purposes ; viz. 

Flint glass, or crysliri ; 

' CroM^a or German sheet glass ; * 

Broad or^ common wiijdow glass ; ► 

Bqttle or common green glass ; and 
’ Plato- glaso; ^ 

the materBik and tlm processes used in making which 
form the subject of our present ^enquiry. 

Before commencing the descripfcion of jjuy of the 
manipulations employetl in this interesting manufacti^e, 
it will be better to giVe a geneml account of the differ- 
ent ifi^terials used,^',#nd to point out how the particular 
qi^ties of glass are influenced by the ^properties of 
^ose vaHous ingredients. • ’ 
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Eaeli of tlic fiVe descriptions containsj in* coramon 
with tJ^e others, two ingredients, which; indeed, are 
essential%o their formation ^ silex and an alkali. 

The variations of quality, and ^listinctive difi^rences 
observable in glass, •principally result Iro’n the kind of 
alkali employed, and fts' degree of purity, as well as 
iVom the addition of other accessary materials ; Such as 
nitre, oxide of le%d or of manganese, white oxide of 
arsenic, borax, or chalk. 

Silex is no> equally • proper in all its foriSs for^he 
composition of glass. Sea sand, which consists of spheri- 
cal graLns of quartz, so itjinute, as to he qualified for 
tlie purpose without uny preparatfon except careful 
washing, is the form wherein silex is most commonly 
used for the puri>ose in England. All sea sand is not, 
indeed, equally applicable to the* glass-maker’s pirVpose. 
That ill tliii country for making fthe finer descrip- 
tions of ware is usually obtained, either from the port 
of Lynn, in Norfolk, or from Alum Baj, on the western 
coast of the Isle of Wight. ^ « 

The best gk'^s was formerly made with common 
flints', calcined and i^ound in the manner already de- 
scribed, as used in the manufacture of pottery, and 
hence the name which it acquired of flint glass. The 
employment of silex in this form is now wholly discon- 
tinued in glasshouses, as^ it is known that some quali- 
ties qf saiul answer the purpose equall'; well, while the 
labour and expense of calcining and grinding are s^ved 
by the substitution. 

Both soda and potash are well adapted to the piir- 
pose^’of making glass, ^They are jused in ^he form of 
carbonates ; that is,, holding carbonic md ip combm- 
ation witli themselves as bases. The acid flies oft during 
tlie iirogress of tlie manufacture, and the ^result is a 
compound of silex an^ alkali. 

As already stated, the quality of glass is influenced 
by the degreQ of purity of the alkali. For making the 
finest flint glass, pearl-ash, which is potash in a purer 
form, must be used. This alkali must previously ba 

L 



14^1 6LA9S MANtTVACTlTRE# CHAP. UU 

Still further purified by solution and subsiden\:e^ and 
then evaporating the fluid to dryness. By this pu- 
rification a loss is sustained, ^mounting to between 30 
and 40 per cent, in the weight of pearl-ash. Coarser 
kinds of alki{li/such as barilla, kelp, or wood-ashes, 
which are combined with many impurities, are em- 
•ployed for the production of inferior glass. Complete 
fusion and vitrification are accomplished by these 
me^ns, the impurities even being of a natufe to assist 
towards tl;e production of these effects. /Fhe green co- 
lour imparted to glass, is produced by tlie iron, which is 
present in a greater or less degree in these coarser alka- 
line substances. Barilla, wlien sufficiently cheap, is al- 
ways chosen preferably to wood-ashes or kelp. The 
recent abatement of the import duty levied upon this 
article of commerce wifi, therefore, probably tend to the 
increased consumption of barilla in glasshouses. 

A very small proportion of nitre is used in tlic com- 
position of glass, to occasion the destruction of any 
carbonaceous matter which may exist in the ingredients. 
This salt must be '•added previous to the fusion of the 
. glass. At a degree of heat much below tliat of the 
furnace, nitre will decompose, giving out much oxygen, 
and maintaining such 'metallic oxides as may be present 
in their highest state of oxygenation. It is thus of use 
in fixittg arsenic, the volatile j)roperty of Svliich in- 
creases as it approaches the metallic state. 

Oxide of lead, in the form of either htharge oi* rai-t 
niiim, is essential ^'to the making of flint-glass, into 
the composition of which it enters very lai*gely. This 
metal acts,, in the iir^ place, as a most powerful ^flux, 
promoting the r fusion of all vitrifiable substifuces at 
comparatively low temperatures#^ It* is also permanently 
beneficial in imparting highly valuable properties to the 
glass of which it forms a part. This, by its mcani^ Is 
rendered much more dense; ‘haft a greater power of 
refracting rays of light ; possesses more tenacity when 
^ed-hot,^^ causing it for that reason to be more easily 
worked ; and is rendered more capable of bearing un- 
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injured sudden changes of temperature. On the other 
hand, gfass, into the composition of which much lead 
has enteaed, is so soft as.to be easily scratched and in- 
jured if rubbed against hard bodies. Such glass is also 
improper as a recipient for many fluidsVhich are of an 
acrid nature, by which* it would be corroded and de- 
stroyed. Another great inconvenience attendiftg the* 
use of lead is thiiL that it does not become intimately 
enough united witn the other components for the wjiole 
mass to assume an uniform density. H; tWII alnaost 
always happen, that the glass 5t the bottom of the pot 
contain^ a larger proportion of litharge than that above. 
This inequality of density is continCially increasing as 
the contents of the pot are diminished by the workman ; 
and it is thence iinpossiye to withdraw from it any two 
portions whose densities shall agtec.* • 

Monsieur Guyton Morveau has rejated a very curious 
exeraplih cation of this fact, which once occurred to 
himself when experimenting in conjunction with Mon- 
sieur de liuffon in the plate-glass Manufactory near 
Langres.f Remaining in the crnciMc was a portion of 
fiint-glass in fusion, com postal of thirty-two parts pow- • 
ilered crystal, thirty- two parts minium, sixteen of soda, 
and one part nitre. To this was added the requisite 
'"quantity of the ingredients •commonly employed for 
forming plate glass in the manufactory, and tlM whole 
was inelted*together in Hie furnace. jiVhen.the mass 
•was*suHicienfly refined it was laded into the cistern, 
cast pn the copper tahl(|in the usual* manner, asnl trans- 
ferred to the annealing furnace. ^Its quality being 
subsequently submitted to examination, thw plate was 
found to be composed of* two distinct and perfectly level 

• Mr. Faraday has i>tal<^l, in liis paper on the manufacture of plass for’ 
optical purixiifcw, which ajT{icarcd in the Philotinphical 'lYaniiactionii tor 
18,'J(^that he found, on examining “ pot* containing glass not mote than 
fitx ihchea in depth, made from the us-ual materiaU, and retained at a full 
heat for twonty.iour boa^^ .** ihS following dift'erenres of s|x<citic gravity 
Ix’tween the glass taken from the bottoms and surface of the puts:— 

Top, - .Si:> 373 3*85 3*81 3*31 3*3l) 

Bottom, -l-O** 3*77 3a'> S*80 -l-CS 4 74 4 75 3*^ 374 

t Ann. de t'hnn. vgl. Ixxui. p. 113. • ^ 
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Strata tlirough the whole mass, the lower stratum oc- 
cupying about one third of its thickness. 

So complete an instance of the precipitatiai of the 
denser through the lighter portion is not elsewhere to 
be met widibiii the records of glliss-making : its oc- 
currence in this particular ocl*asion should probably 
•be referred to the active agency of some cause whidi 
escaped the observation of the two pl^ilosophcrs. 

J,t is a general efflx-t of this inequality, that the glass, 
when Avrhught, apjjears waved ; a defect wliich is par- 
ticularly inconvenient iif that which is intended for the 
construction of optical instruments. (Hass is also fusible 
at lower tcraperatlires according lo the proportion of 
lead which it contains, 'i’his (piality, which would be 
mischievous for some purpos'‘s, is, cn the contrary, 
beneitcial for others. It is often essential to chemists 
that they shall he able, during the progress of theii 
experiments, to bend the tubes with which they are 
operating. 

Black oxide of manganese has long been used for 
clearing glass fron^ any foul colour which it might ac- 
' cidentally possess through the impurity of the alkali 
employed, anddn particular from that green tinge which 
marks the presence of iron. This property of manga- 
nese, ’when in the form of an oxide, occasioned it to be 
anciently known as aoap a name which very ac- 
curately describes its use. The circumstances attending 
the employment of this substance in glass-making are 
of rather a curious' nature. M^hcn added in a moderate 
proportion tb any simple glass, it imports a purple 
colour ; aivl should its quantity be much increased; this 
colour is deepened until the glass becomes nearfy blad:. 
If, while the mass thus colourcNl is still in fusion, either 
white arsenic, or charcoal, or other carbonaceous matter 
be added, an effervescence is seen to follow, and the 
colour becomes gradually more faint until it altogether 
disapi)ears, and the glass is rendered clear and trans- 
parent. - Provided the green hue wliich it is desired to 
counteract be considerable, the application of a very 
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small quantity of manganese is not followed by any 
sensible* tinge of purple; but the moment that the pro- 
portion 4s more than sufficient for the purpose, this 
colour immediately appears, and must be corrected. 
This correction is |ferforraed in a verf simple manner 
in the glasshouse, by thrusting into the pot of melted 
glass a piece of wood, which, becoming charred 1t)y the- 
heat, causes the pprpJe again to vanish ; while a slight 
effervescence as Iwfore described, and the escape of ^nu- 
merous bubblofi of air are plainly perceptible.® If nitre 
be then added, the purple eolodr will be restored. 

The- reason for these changes it is not difficult to ex- 
plain. The oxide of manganese ‘imparts a purple 
colour, only when in a state of high oxygenation. When 
brought into contact with carlnmaceous matter, it is par- 
tially dej)rived of its oxygen, *and loses its colouring 
property. I'iic ^air bubbles which escape consist of 
carbonic aciil gas, wliioh is <Iisengaged by the action of 
the charcoal on the oxide of manganese. The eftect 
which follows upon the introduction ol* nitre is of aeon- 
jtrary nature. \Vhen made of a red heat this substance 
gives out oxygen ii\ great abundance, and the manga- 
nese being thus re-inve.sted with the oxygen of which it 
was deprived by the charcoal, resumes w'ith it Uie 
colourijig^I)roperty. • , 

Anotlier advantage ^tending the use of dxide of 
manganese results from jts property of pow'erfuUy assist- 
• ing in tile fusion of earthy bodies. It also gives consi- 
derable density to g’aiss, but the* same di^dvantage 
accompanies its use as already has^betnf noticed with 
regard to litharge. Having from its grcviter specific 
gravity a tendency to settle towarils the bottom of the 
pot, the glass by this means varic*s in density through- 
out its substance, in addition to which circumstance the 
intnganewse acts injuriously upon .the pots by corroding 
them at the bottom. 

One of tlje uses of white oxide of arsenic has already 
been describedj^ that, namely, of correcting thc^colouring 
effects of manganese. It is also a very powerful flux, and a 
L 3 
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great temptation to its use is found in its cheapness. It 
should^ however, be employed with moderation. If a 
considerable time be not allowed for its intimifte incor- 
poration with the other ingredients of the glass, this wiU 
appear cloude^l dr milky ; a fault which will afterwards 
increase with the lapse of time. An excessive quantity of 
carsenicMikewise occasions the glass to become gradually 
soft and to decompose, for which reasqn the employment 
of (^inking-vessels in this condition is unsafe. 

Anothel, dr.d a harmless, ap])lication' of arsenic in 
glass-making is, when it is introduccjl into the fused 
mass in order to dissipate any carbonaceous matters 
which result from 'defects in prtjpanng the alkali. In 
this case, small lumps of white arsenic are intimately 
blended witli the mass by stiwing. "J'he great heat 
causea^it at once to uniie with and to carry off tlu* car- 
bon in a volatile form, leaving the glass entirely free 
from carbonaceous matter, and nearly so from arsenic. 

Borax is used in jjreparing only tlie finest descriptions 
of gJass : its employment is, indeed, principally confined 
to plate glass. It is too expensive to admit of its form-, 
ing part in the composition of ccunmon descriptions, 
although its use in all cases would be tlcsirable, as its 
efficacy in pro^^ioting the4'usion of vitrifiable substances 
is unrivalled. IVlien boraX has been introduced, the 
compouitd is caused by it to fiow^ with great freedom, 
and to l)e without specks ^anfl bubbles, which w’oidd,mi- 
l>air both ils beauty and utility. Sliouhl the fdkali 
employed prove deficient in strength, a small jwrtion of 
this salt w'ill s6r\e qs an effectual remedy. 

Lime in the form of chalk is useful as a very cheap 
flux. It is also •beneficial in facilitating the opeltations 
of the workman in fashioning glJiss, and it has the pro- 
perty of diminishing its liability to crack on exposure 
to sudden and great variations of temperature. Ch3!k ' 
can only be used sparingly, however, in the glasshouse, 
as the escape of carbonic acid causes the ingredients in 
the pot tc swell considerably during the- fusion. The 
presence of lime in any excessive degree would also occa- 
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«ion the rapid destruction of the pots, upon the substance 
of 'whrdi it acts with considerable energy. Glass 
wherein* lime exists in axcess is also rendered cloudy, 
although the mass while in fusion appears perfectly pel. 
lucid. Not more than about six per ce^pt. of lime can 
be added without riskiftg this defect. 



152 


GLASS HANUFAOTURE. 


CHAP. UI. 


CHAP. III. ^ 

ft 

THE CONSTRUCTION OF FURNACES, ^TC. 


stability or FURNACE ESSENTIAL. FRITTING FURNACE, OR 

CALCAR. - USE. WORKINO rURNACE. 17^ DOUBLE FUR- 
NACE. PROPORTIONATE DIMENSIONS OF lI’URNACE AND POTS. 

WOOD-FURNACES. COMPARATIVE CONSUMPTION OF FUEL IK 

WOOD AND COAL FURNACFS, ANNEALING OVFN. — LIER- 

FANB. GLASS-POTS. THEIR FOrVaTION AND SFASUNING. 

It is essential to the well condiicting of the operations 
of glaushouses that thejr furnaces should be well and 
substantially built of the best* mater* a|^, and acconling 
to the most approved construction. 

Monsieur Loysel was so deeply impressed with the 
necessity of devofiiig the greaU'st degree of attention to 
this branch of the art, that nearly one half of his clever 
.treatise Sur TArt de la Verrerie^' Js occupied with its 
details. This author not only gives instructions for the 
choice of materials proper for constructing crucibles and 
furnaces ; but also points out the fonns which will be 
found nrost convenient and advantageous. 

In this country, and, since the ajipearance of ^the 
work of Mr Loysel, those operations connected with the 
useful artfi which depend upon the agency of iieat have 
become much d)etter uiidei stood than formerly, so that 
principles for. the right attainment of which it w'as taien 
necessary for individuals to search and enquire, aiid fre- 
quently even to experiment, are now become matters of 
every day practice. It cannot, therefore, be necessary 
to imitate that author in all his lengthened initiatory lli- 
rections for the digging and purifying of clay ^ in his 
description of the qualities that should determine our 
selection of this material, or in the detai^of mechanical 
arrangements that will prove most efficacious in giving 
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durability to furnaces.* All these particulars may safely be 
committed to the skiifvilness of the profesaion^ builder. 

Some (ither points thereiare^ however, connected with 
this subject, wherein a greater degree of knowledge than 
is at present possesscAl is indeed desirable.# To persons 
who have bestowed the Smallest attention upon the phe- 
nomena or heat and combustion it can scarcely Tail to* 
appear that scieneg has yet an ample field for research 
there open to her investigations, and that the arts ]|^ve 
still to look foB further and most importcht benefits at 
the hand of philolophy. * 

The .whole operations of the glasshouse depend upon 
tlie stability of its furmices. In thei/ original structure 
the prudent manufacturer will, therefore, not hesitate to 
avail himself of the assis^nce of the ablest builders, and 
to employ materials which are l}est qualified by •their 
density infusihility for resisting tlie action of violent 
and long continued heat. No present saving in the cost 
of construction can at all compensate ♦or the expense and 
interruptions occasioned by the necessity for frequent 
repairs, and still less for the losses df time, labour, and 
materials, that would, accompany casualties, the chances • 
of whicJi would he multiplied by want of proper atten- 
tion to the matters here pointed •ut. An equal, and per- 
haps even^a greater degree of jiqlgment is required for 
the selection of materials jjroper to form glass-pot^ or cru- 
cible^ since these have to withstand tlif action of htit 
•in as violent *a degree as any part of tlie fUVnacc, and 
are additionally exposeil to injury frbm the solvent pro- 
perty ))Osr»essed by some of the mqfeijals, for the fusion 
of w4iich tliey are employed. These pots aje therefore 
made of the most refractory, that is, the least fusible, 
materials, and are fashioned with every possible attention 
to their strength. * 

• fh«tating the degreos of consistence of tBc clay most proper for the 
furnaces m different parts and* stages of their coniiitruction. Mr. Loyscl 
points out a simple method ascertaining the attainments of tnese degreea, 
wluch has the advantage ol U^iiig easily acciimplished by any workman. It 
consists in droppAig a leaden liall of a given weight from a determinate 
height upon the mdig, which should be of that density whiclP will allow 
the ball, by the force of gravitation acquired in its descent, exactly to bury 
itself in tlie clay. 
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Three different kinds»of furnaces are employed in tlie 
manufacture of glass. One, which is called tlic caicar, 
a name corrupted from the French word ealjtjume, is 
used for tliat calcination of the materials to which they 
must be suTj^ected previously to their complete fusion 
and vitrification. This process/ which is called 
• a terrA likewise borrowed from the French, is used for 
various reasons. In the first place, it expels all moisture 
from the materials, the presence of which would hazard 
the destrlictioii of the glass-pots. Next it drives oflf^ 
either wholly or in great part, the carbonic acid gas from 
the chalk and alkalies employed, by w'hich means the 
svrelling of ingredients in the |K)is is cither prevented, or 
moderated within safe limits. This calcination has the 
further advantage of destroying all carbonaceous matters 
that aiay be present in the materials. But the principal 
object of previous calcination is, that a chemical union 
may be ofiected, or at least commenced, between the 
silex, the alkali, and the metallic oxides. Otherwise, at 
tlie beat of the working furhace, the alkali would fuse, 
and its comparative levity would cause it to lake it® 

> station at the surface, while the other ingredients would 
subside tOAvards the bottom. The uncoinbined alkali 
would, in this case, after acting upon and injuring the 
substance of tlie crucibles', lie, in great part, volatilised 
and lost ; and a portion of tl\e sand avouUI remain un- 
vitrified, while the glass actually produced would CQ^atain 
an excessive quantity of silica. 

These’ observations do not apply to the preparation of 
materials for** making flint glass, the fusibility of which 
is much greater tlian that of other descriptions, owhig to 
the presence of* its large proportion of lead. For tliis 
reason, manufacturers of this 'kind of glass apply the 
prifcess of calcination to the sand alone, with the view 
of separating from it all carlionaceous impurities, ‘pre- 
vious to its admixture with the remaining materials. 

The name of fixed alkalies has been given to soda 
and potush to denote their property »of resisting me 
destructive influence of fire. As they are volatilised 
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freely by subjection to a red heat, this property cannot, 
however, be strictly ascribed to either of these sub- 
stances, %ind the title must be understood only as 
distinguishing them from other alkaline bodies, which 
are acted ujwn by comparatively low additions of tem- 
perature. 

The calcar is in the form of an oven al)out tSn feet* 
long, seven feet jvide, and two feet high. The coal 
used in heating it is placed in a sort of trough on ^ne 
side, and the* flame is made to reverbeAte from the 
crown of the oven back to the frit. In this operation, 
care is -required to keep the degree of heat at all times 
wdthin that which w^oWd melt tlie 'materials, add at 
first below the point whereat the yet uncombined alkali 
would be volatilised. • ^ 

'fhe ])rocess must not l)e hurried at first; butf after 
two or tlirce hou-s the temperature may be gradually 
raisetl until the mass l)ecomes pasty. Having been kept 
in tliis state during three or four hours longer, it is then 
removed from the calcar cut quickly, before it lias 
♦ime to harden, into stjuare cakes. These are piled away 
for future use. It i& the opinion of many glas^-makers • 
that frit is improved in quality, by age*; under which 
impression some among them s6 manage tlicir operations 
as not to bring their store sudbessively to use until it has 
been prepared for at leas^twclve in(»nths. 

. T*e workiyg furnace is that wherei^j the frit, when 
placed in the glass-pots or crucibles, is fully fhelted and 
converted into glass. fThese cruciBles are dfcep pots, 
varying in size according to the ^b^ccts ftf the manu- 
factifter, but sometimes liirgc enough for each to contain 
a ton iR’^eight of glass. Twelve of tliese are usually 
placed, at regular intervals, in the circumference of each 
kihi, their only opening being at the side nearest to^he 
waif of the kiln, in which tliey me<»t with corresponding 
openings, so that the pots can he readily charged, and 
their contents as reaaily removed, by the workmen who 
stand in recesse% formed by projections of the jnasonry. 
The external form of the furnace is circular, rising 
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conically from its base and terminating in a cnimney. 
The interior is dome-shaped, and supported on arches. 
Flues are constructed under these for the admission of 
atmospheric air, which, rising through the fire bars that 
occupy the ctseitre of the floor of the funiace, the flame 
and heated air are made to envelope the pots, and thence 
.pass on to the chimney issuing from the centre of tlie 
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A very iinpo’-tant saving in the article of fuel, has 
lately heed effected in one of the London glasshouses, 
that of Messrs. IVHatt and (Jo.,,diy substituting foi one 
of the large twelye-T>ot furnaces they had been ac- 
customed t^ use two sintilarly constructed, but having 
only one half thr diameter. The circumference of these 
two being together e<]ual to that of the large furnace, 
they are made to contain as great a number of pots, and 
of the same size, as were formerly employed ; whilerthe 
intenial area of the two, being together equal to only one 
half that of the furnace for which they ar^? substituted, 
the pots^are necessarily brought more th m before within 
the intensest influence of the fire. The same chimney is 




It is vsaid, that the wcflcly expenditure of coals ^haa 
been lessened, by means of this alleratioiif to the extent 
of ten chaldrons. • • 

The dimensions of the crucibles and'furnace should 
bear some relation to each oth^r. If the former, from 
their diininutive size, arc mVicluhelow the efficiency of 
the furnac^', a very neg^lless expenditure of ftiel 
be iJie resulj ; and should the crucibics be* too large 
* for the power of the kiln, the heat will not *prove suf- 
cieiTt. In this case, ars excess of fluxing matehals must 
be used in onler to form glassy whicli* will be im- 
perffect, according as it ig fused below the mast beneficial 
degree of temperature. The relative proportions of pots 
and furnace may {le so^newhat varied according to the 
power of promoting combustion, which partly depends 
upThi construction and ^situation. » Loysel recommends, 
that in general the aggregate area of the crucildes should 
be very little beyond one fourth of the area of the furnace. 
The experieiicsiwhereoi] this recommendation lOsted was 
drawn from the use of wood as a combustible, wliich 
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requires a greater space than coal for the develupetnent 
of a given effect. The difference thus arising would, on 
the other hand, be lessened Jjy the necessity which we 
are under for covering the pots ; whereas, if the kiln is 
heated by m^ans of wood, these may remain uncovered, 
and their contents will, in consequence, be more cf- 
^ficiently acted on by the heat. Loysel states as the 
result of experiments continued during a whole year, that 
the weight of dry beech wood consumed in a glasshouse 
funiace ercec^ed the weight of coal burpt in the same 
furnace, and during an jqual period, in the proportion 
of 45 to 2S. According to Lavoisier, the beating effects 
of wood and coal are in the ]>roportion of 108f} to 6’00. 

The result of Loysel’s experiment should consequently 
have shown similar effects from tlic combustion of 45 
parts J)y weight of ivaod, and 24*8 parts of coal; the 
difference between this last quantity and 28 being, pro- 
bably, the loss consequent upon covering the crucibles. 

The o})eniugs already mentioned, as serving for the 
iutipduction of t^ie materials,into the crucibles, and for 
the removal of the melted glass, are called hoccas. I^hese 
may bo closetf either whoUy or partially, according to the 
need of the wcykinan, by means of movable collars, or, 
to speak more correctly, by temporary screens made of 
fire clay. On either side of each hocca is a smaller cir- 
cular opening, sometiihcs called a hocca rf I/a, but more 
generally by the familiar nnmf of nose-hole, the parti- 
cular use of which will be explained herearter. 

The apnealing aven, or licr, is a long, low, rectan- 
gular chamber, heated at one end, and furnished with 
numerous shallow iroh trays, which can Ix" passed easily 
along the level l^ottoin of the chamber. These trays are 
called Jier^pnm, or f nnchc.*i ; which names, together witli 
those of several iinplcments used in glasshouses, are evi- 
dently adopted from the French. 

As regards the structure of the annealing chamber, 
there is nothing that particularly requires notice, or that 
will not rendcre<l sufficiently clear byjhe explanation 

* L’ Art de la Verreno, p. 72. 
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of its me that will be given in the following chapter^ 
while describing, in their regular course^ the consecutive 
processes of the manufacture. 

Every ‘glasshouse should possess within itself the 
means of making aU the crucibles and o^er earthen 
utensils that may be required for its operations. The 
conveyance of these from any considerable distance^would 
add materially to their cost, not only by the mere ex- 
pense of carriage, but through the greater liability to frac- 
ture, wdiereto such unwieldy vessels w'oul^in* that ftise 
be subject. * • 

These crucibles, or glass-pots, should be made with 
five parts of the best Stourbridge fire. clay and one part 
of old broken crucibles ground to powder for that j)ur- 
pose. Great nicety is required in mixing these ingre- 
dients and in working tli^m togatlier, in order to ^drive 
put from their substance every particle of air, the pre- 
sence of which would, by its exj)anslon in the furnace, 
occasion the immediate breaking of the pots. 

The method invariably pursued for kneading the clay 
/’jg. is, that the workman treads on it for 

a considerable time with Ifls naked feet, 
turning it over from time to time, so 
that every part* may, in its turn, be 
subjected tp the required pressure. 
An attempt wa!^ recently maejg by a 
glass nnnufaeturer to employ maclB- 
ncry for the purpose ; but aQ!br liaving 
incurred considerable expense, and qxerted much inge- 
nuity in perfecting his il|iparatus, this gentleman has re- 
verted to the old inartificial inetliod,^s being decidedly the 
best calcplated to insure the goodness of his crucibles. This 
attempt at improvement ^w as not relinquished, until the 
losses which were sustained in its prosecution became of 
serious moment. 

After the crucibles aresforraed they are suffered to re- 
main for a considerable time in the apartment wherein they 
were made^ ih order that they may dry equally through- 
out their substance. It is not> indeed, considdfed pur- 
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dent to remove thei^ from this situation until they shall 
nave been formed for at least a twelvemontlf. ' 

For some little time before a pot is put to use, it" must 
be placed in an apartment wherein lieat can be artificially 
admitted^ ai^^l either raised or lowered at pleasure. It is 
then removed for about three days to a furnace parti- 
cularly appropriated to the baking of pots ; and here the 
temperature^ which at first is moderate, is gradually in- 
creased, until at last it is made nearly as intense as tliat 
of Uie working furnace, for insertion in which the cru- 
cible is then sufficiently ►-fitted. 

With all the skill and care that can l>e employed in 
their manufacture^ these crucioles will frequently break 
during a very early period of their use, ami the loss 
occasioned by that means to the manufacturer. is in many 
ways^one of very serioits importance. 



CHAP* IV. 


!6l 


VJAHT GliASSi. 


CHAP. IV. 

ON THE AaNVFACTURB OF FL«?T SthASS. 

• 

THE MOST BXAITTIFUL ANT> COSTLY KIND OP GLASS, — IMP^ETAKCK^ 

OP ITS QUALITY FOR OFllCAL PURPOSES. EXPERIMENTS FOR 

ITS improvement^— UNDERTAKEN BY THE ROYAL SOCIETY — 
PROMOTED BY GOVERNMENT. — DISTINGUISHING PROPERTISS OF 

FLINT GLASS. r~ TO M'll AT OWING. DIFFERElrtr OPPOSITIONS. 

PROCESS OF MELTING. GLASS-<?ALL. ITS USE. CURIOUS 

PHENOMENON. IMPLEMENTS. COLLECTING GLASS ON ROD. 

— MARVER. — PA RAISIN. Bf.OWINC^ — RE-UEATING* — 

ELONGATING. PONTIL. FASHIONING. DETACHING. — 

REMOVAL TO ANNEALING OVEN. MOULDING. ANNEALING. 

WHY INDISPENSABLE. BOLOGNA PHIAJ.K HUPERT’s DROPS. 

• • 

F 1 . 1 NT glass — known in foreign countries under the 
name of crystal — retains among us the title originally 
imparted by its princijial ingredient, although the use of 
flint jn its composition ha.s,long since b^en discontinvH. 

This glass is the beautiful ai^ •peculiarly refulgent 
compound whereof jJie finest articles designed for do- , 
mestic use or for oimment arc maile. Qf all the vitri- 
fied compounds that are manufjiclured, it is tlic heaviest 
and the most brilliant ; the one most ea^sily fashioned by 
the hand of the workman, and thal which has thc^greatest 
refractive power. It i.^al8o, from the nature of its 
»con^tuent miiterials, tlie most costly. • 

Vfjssels of flint glass cannot, hoiRever, be, properly 
applied to all pur[)ose8? If, for instance, ithey are used 
to egntain carbonate of ammonia* tfiey wijjl very soon 
become .so exceetlingly lirittle, that tl^i very slightest 
apparent cause will occasion pieces to fall but. Common 
green bottle glass i^ not liable to this objection. 

U''ere we to judge from the practice of different ma- 
nufacturers, in bringing together the ingredients that 
form this compound, we must believe, that to adhere to 
any exact proportions is by no means indispen^|ible. In 
ahnost every dmerent glass-house a peculiar recipe is 
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followed, and no two writers upon the suhj^pt agree in 
their statement of the exact doses wherein any of its 
components should be used. 1| is by no means believed, 
however, that these vague proceedings are without incon- 
venience, or some particular compound might not 
be discovered and adopted Svhioh, for many purposes, 
would be superior to every other. 

The employment of this species of glass in tlie con- 
struction of optical instruments rendbrs every attempt 
towards its iianrovement a matter of universal interest 
and importance, A committee of scientific men have 
been for some years engaged, at the expense of govern- 
ment, in a series of experiments, with a view to discover 
some composition hy which glass may be obtained in 
large pieces, free from .those defects which have hitherto 
circuir scribed the powt^ of telcscopt*s within a narrow 
limit. In such investigations, however, great difficulties 
are to bo encountered ; and a long time is as necessary 
as great talents to overcome them. The progress which 
has <been made by the committee, though not perluips so 
great as the lovers of ftgjience could have wished, is still as 
great as the difficulties of tlie subject^ — even in the most 
able hands — would have led us to lio])e for, and is 
sufficient to justify sanguine anticipations of future 
success. 

The properties of flint glasj» which distinguish it from 
other vitrified substances arc 6 wing to the jireseiicc of 
some inetdlic oxide. All metals, when oxidated,' will 
combine with silica and alkali to form glass. Few of 
them are, however, propeily quahfieil for the puq)osc, in 
consequence of their im].arting colours to the mass. The 
oxides of lead end of bismuth are the only twf) wdiich 
may be used hi sufficient quantity without producing 
this inconvenience ; and as lead is by much the cheapest 
of these metals, it is alwa}a preferably employed in the 
manufacture. An over dose of lead will, indeed, dis- 
colour glass, imparting to it a tinge of yellow. 

It is essential to the goodness of the glass that no 
mpurities or foreign matters should be combined with 
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the leadj as the adulteration of its various oxides is 
both easily Wectedj and difficult of detection^ the glass, 
maker wjio does not prepare this substance ^r himself^ 
should make his purchases only from persons on whose 
prcffiity he can rely. Loysel recomidenils the use of 
minium, as being less ^susceptible of adulteration than 
the other oxides of lead. English glass-makcie more; 
frequently employ litharge. 

The author ju%t mentioned gives as the composition 
of crystal, wljere coal is employed as fuejf— ^ , 

W’hite sand - - • - 100 parts. 

. Red lead - - - 80 to 85 

Pearl-ash - • - - -• 35 to 40 

Nitre - - - - 2 to 3 

Oxide of mangajiese - . - 0*6 

Where wood is used for the •reduction of the •ingre- 
dients, and where, consequently, the crucibles may be 
left uncovered during the process, a different mixture is 
preferred. In this, a much smaller proportion of me- 
tallic oxide is added ; and the reJfeon assigned^ by 
M. Loysel for this variance is, tl\at4he aij, having con- 
stant and unimpeded access to the surface of the glass,, 
supplies any dcticifency of oxygen, whil® the process is, 
through the more direct cation of heat, more 
quickly performed, and the glass when manufactured is 
harder and more durable. The proportions given for 
this compdtmd arc, ~ * 

* AVhifb sand - - - 100 parts. 

, Red lead - - -* 50 to 60 

Pciirl-ash i 30ito 40 

• Oxide of arsenic - 0*75 1 

Tlic si^cidc gravity of fliis glass will i^t be so great as 
tliat of the former compound in the proportion of 29 
to 32, and its refra'ctivc pow*er will evidently be smaller 
als^ • 

Messrs. Aikin, wlioj as a matter of scientific re- 
search, formerly dii ected their minds to the consideration 
of* tliis imporjgnt brancli of manufacture, ^nd who 
then made many experiments connected with tlie art of 
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glass-makings state* that a very excellent article may be 
made from — . 

120 parts fine clean white sand ; 

4fO — — well purified pearl-ash ; 

35 — litharge ^or minium ^ 

13 ■■■ — nitre, and a small quantity of the black 
, ♦ oxide of manganese ; 

the superior fluxing power of the nitre supplying, in 
that respect, the difference which exists in the propor- 
tion of leai, between this compound and the first for- 
mula of Loysel. To introduce so large a dose of 
metallic oxide as is recommended by the Frencli author 
produces an incoiweniently sofN material. That the 
proportion is excessive may w^ell be inferred from tlie 
fact ascertained by Dr.. Priestley, that if a tube of glass 
so compounded lie madb red-hot, and a stream of hy- 
drogen gas be passed through it, the whole inner surface 
will be covered with a lialf brilliant black substance, wliich 
results from a partial reduction of the lead, and raoisttsre 
will appear at the' further end-of the tube. 

The result of many preliminary experiments made on 
^a recent occasion by Mr. Faraday, with tlie object of 
producing perfectly homogeneous glass for optic^ pur- 
poses, induced that gen genian to gfvc the preference 
to a compound of silica, boracic acid, and oxide of 
lead, brought together in single proportionals, and which 
he ’‘therefore designates a silicatbd borate of lead. 

The important aim of Mr. Faraday's \5nquiries in- 
duced him to neglect no one particular by which they 
could be /orwaided, and he accordingly employed all 
those chemical means with which he is so pcrfoctly 
acquainted to iiv?ure the absolute purity of tlie ingre- 
dients which he thus selected. •> 

The oxide of lead was converted from the state of 
litharge into a nitrate by first washing it and separating 
the carbonaceous and ferruginUus particles, and then 
placing it in a clean earthen vessel, and dissolving in 

• Dictionary of Cbaniistry, toL i. y. 406. 
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dilute Tiitilc acid^ so as to form a hot saturliited solu- 
tion. Xfter IS or 24 hours the crysfids Vrhich had 
formed were collected^ l!Kroken up into smaB pafticles^ 
and repeatedly wash^ in fresh clea|^ portiouli of the 
mother liquor, in order to. remove any ffisoluhte depo- 
fflted matter. When *thu8 perfectly cleaned tb^l^uken * 
crystals were drained, and then dried by being plaOed iit 
a sand bath an<l constantly stirred, after wMch the^ 
were preserved in glass bottles for future use. • 

Mr. Faraday was enabled^ to procui^ pure boradc 
acid in crystals from the manufacturers, subjecting it in • 
every case, however, to careful examination, and tesditg 
it by various agents %o ascertain {he absence of im- 
purities. 

Sand from the coast af Nor^Ik needed no other pre- 
paration to insure its purity than to he well wasHed and 
* calcined, and thia was the only source whence Mr. Fara- 
day drew his supply of silica. 

The previous fritting described di^ the last^ chapter 
was "formerly performed fdr the manufacture of aU C^ds 
» of glass ; but, as regards the kind undei^description, 
not now adopted. .The materials are used in a 
of greater purity, ^d the proce^ is, on*that account, as 
well as fur anoth^' reason already given, no longer con- 
sidered advantageous. ' • 

The ingredients havg^g been intimately milked, jgre 
cas^ by means of clean iron shovels throu^ the dde 
openings, into the crucibles ; which, previously to this, 
muet be brought to a i|(hite heat. The pots filled lit 
once with the mixture ; but as th% bulk of this decrease! 
mafbrially in melting, ^ fresh portion must be added 
when fhis effect has bjeen produced ; ahd this operation 
is repeated until, by thise successive fillings, the vessdb 
at length become fully charged with melted glass. Be- 
fofl any fresh portion 0 / materials is added, ^at already 
in the crucible must be completely melted. When tlfie is 
fiill, the opening through which the charge was introduced 
is materially leltiened with wet clay, so ^t onl^ narrow 
M 3 
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hole remains^ through which the impurities may be re- 
moved, aud small portions of the contents may, from 
time to time, be drawn for examination. 

Immediately upon the materials being placed in the cru- 
cildes, the he^t or the furnace is raised to its highest point. 
The contents are soon observed to sink down in the state 
of a sdft paste, and ere long become perfectly melted. 
The glass does not, however, imm^liately thereupon 
appear transparent, but loses its opacity by slow degrees, 
as a white f>ortrus scum, known by the narr.e of snndiver^ 
or glass-^gally rises throuj^h the mass and is removeit 
This scum appears to consist of ^alts, which more or less 
exist in alkalis, and which salts, having little or no affi. 
nity for silex, and being specifically lighter than glass, 
rise m the top. Another foreign substance is sometimes 
founor at tlie bottom of' the pots, and is removed when 
the glass is worked off. This, which is also called san- 
diver, is of a nature altogetlier different from tlie scum 
before mentioned, being a vitrified mass of metallic and 
earthy impurities. In the strong heat of die furimoc 
glass-gall is exceedirigly volatile ; so tliat, if not removed , 
as it forms on the surface, it would all be dispersed in 
the form of a dense vapour, very darl^t first, and grow- 
ing wliite by degrees, as the glass bewmes purer. This 
vapour is very corrosive, ahd acts injuriously upon die 
tops of fhe crucibles. 

Sandive*- is pvrehased by refiners of metais, who^ use 
it as a potverful dux. It is necessary that the whole 
of this substance should come a'vay before t]^e glass is 
wididrawn fr6m the. pots for use, otherwise articles 
formed with 't will appear cloudy, and filled wuth bubbles. 
A very strong and long continued heat is generally re- 
quired before the whole impuritit^s are discharged. As the 
process advances, die glass proves increasingly flexible, 
heavier, and less brittle, till at length the glass-gall is 
altogether thrown off, no more vapours rise, the bubldes 
expand, rise to the surface and burst, and the whole is 
seen to colourless and translucent, r* 
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In tills state, vitrification is complete, but the glass is 
too fiuiU to be fashioned, and for this pwrpose its tern- 
peratur<^ must be lowered by stopping the draught of the 
furnace in that particular part where the crucible is 
placed ; the clay wherewith its opening y/fias lessened is 
then removed, and the Apers^ons of the glass-blower may « 
be commenced. • 

\l^hen cooled to the heat most proper for its being 
wrought, the glass has lost its jierfect fluidity, j>eing 
of a consisteiit and tenacious mass, soft^ndhgh to yield 
to the slightest external infpression, yet capable of, 
being* bent, pulled, and fashioned into aU imaginable 
shapes, without cracking or pardifg with its tenuity ; 
so tliat if in this state it be stretched or drawn out, 
it will preserve the form of a* solid fibre, constantly 
decreasing in its diameter, anSt will not separate until 
reducQ^l to the njereat filament. \V^hen no longer heated 
to redness, glass becomes rigid, brittle, and transparent. 
During the whole time employed in working a pot of 
glass, which varies from* five to twenty hour!, and is 
sometimes even longer, its consist4?nce sbould be main- 
tained as nearly ])ossiblc at the same point, and to 
succeed in tliis caiis for considerable attention on the part 
of the workineni^ • 

The contents of all the AiiciJ^les do not come into the 
working state at tlic saijie moment, but no injfiry arises 
frmn this cause, as glass may remain fjjjr a vcjry consiHer- 
able period ?n the melted state without, in^ny respect, 
altering its qualities, ^fhe fusion and perfect* refining of 
flint glass, as here described, aijp ^sual^ completed in 
abSut forty -eight hours from the first charging of die 
crucibles. • 

In the operations df a glasshouse it is, indeed, com- 
mon, purposely to manage the vitrifying of the materials 
Sfkthat the contents of the difienmt crucibles shall be 
brought to the state proper for blowing in succession, 
that when ^he glass contained in one is aU worked up, 
that in anothg;; shall be in perfect readiness xm. By 
M 4 



OLA8B JKUKtrri^rriTRE. 


•OflAP. IT. 


t}»8 fizrangement the worioiien experience no intemip- 
tion^ and die dieat of the furnace is constantly main- 
tainkl^ which last is a consideration of some important; 
for if^ through any accidmil^ the tempmture he allowed 
to sink in a"" material degree^ coninderable expense of 
time and fuel are required for itii restoration. 

• It is^'by no means advisable to employ in the form- 
aticm of the same glass vessel materials drawn from more 
than^ one crucible. Although the original composition 
may have beentaltogether identical^ and the fusion of all 
*has been simultaneously carried forward in the same 
furnace, still a minute difference may, and generally will, 
exist in the constituent proportiliis of each mass, arising 
from an accidental variance of draught, and consequently 
of heat, in different paits of the furnace, whereby some 
crucim^ may have been made to part with a larger pro-. 
portion of their alkali than others. Any circumstances 
which interfere with the perfect sameness of quality in 
every part of vessels formed glass renders them more 
liable to' break on exposure to sudden changes of tem- 
perature, by reason of their differing tendencies to ex- 
pand and contract under such circumstances. 

The implements usi‘d by glass-liteTrs are few in 
number, and exceedingly- inartificialS their form and 
construction. The prinqipal hnc is simply X hollow iron 
rod or titbe, about ffve feet long upon one end of which 

Fig* 4, 


the workman* collects the quantity of melted glass that 
urill suffice for forming the ardclp intended. In this 
operation the rod is dip]>ed inth the pot and turned 
about several times. If the size of the vessel requires a 
oensiderable weight of' glass for its formation, the ihd 
is taken out and exposed momentarily to the current of 
air, by which means the surface of the glass already 
collect sufficiently cooled for a fresh portion to ad- 
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here^ and this proceeding ta repeated until enonghr ii 
oollectedT for the object. • 

When»the rod thus loided is withdrawn from the 
crucible^ it is held for a few seconds in a perpendicular 
position^ the end to* which, die glass is asbched being 
nearest to the ground, fSiat by its own weight the mass 
may be lengthened out beyond the rod. The neift oper* • 
ation is to roll the^glass on the flat surface of a smooth 
horizontal iron plate called the marver, a name corrupted 
from the Fremdi word marbre" By fliis^eans die 





0 * 

* particles of gfass are agglomerated in a cylindrical form, 

whish is U^en called bv the workmen a pamison. The 
workman men applies nis mouth tlie other end of the 
tub^ and blows strongl^r through it, so that his breath, 
penetrating the centre of the red-hot glass, causes it to 
be distended into a hollow globe. The pressure of the 
breath must be continued upon the tube for a few 
seconds to'prevent the return of any portion of the ahr 
through the tube, otherwise the externa) air hmg more 
dense dian tlje^ heated portion conflned within, 
would coUapsea.when it has been somewhat #tiffiiiied 
by cooling, this accident is no longer to be apprdiended. 
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Fig. 6. 



The globe, which is not made sufficiently thin by this 
one Iriowing, is then heated anew by being held a little 
within the opening of the furnace ; the breath is again 
employed as before, and so on repeatedly, until the 
proper size and thickness of the glo^ are satisfactorily 
attained. ^ 


7 . 



If the form of the intended vessel requires the globe 
to be elongated, this effect is produced byogiving to the 
rod, while the glass attached to it is ^ifftened by heat, 
an alternating motion similar to that of a pendulum, or 
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by dexterously making it perform a circle swiftly through 
the air. * The tendency to fly off from the* centre which 
is thus ipiparted causes die particles to change their 
relative positions in a degree corresponding with the 
amount and duratioif of the force emplriyedf 

At this stage another implement, called a pimt, or 
pontil, is brought into use. This is a solid iron n-od of 

• i^. 8, 


a cylindrical form, smaller and lighter than the tube 
used for blowing, and consequently more within the 
power and management W the workmin. Upon one end 
of this rod a small portion of melted glass is collected, 
by an assistant, from th^ cruciblr', and in this st^te is 
applied to tlie surface of the glolie on the side opjiosite 
to that where it i« already attached to the tube. The 
two heated substances speedily uniting, the glass is de- 
tached from the hollow rod, by touchii^ it near to their 
point of contact with a snt^ll piecibf iron wetted ^itli 
cold water. This occasions the glass to «rack, so tliat 
by giving a smart sUoke to the hollow rod, it is imme- 
diately and safely §(|;parated, leaving a small hole at the 
point of rapture. ’ • 


1 ^. 9 . • 
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The workman now receives from lus attendant the 
pontil with the glass vessel attached^ and* after re-heating 
it at the furnace month as before, seats himseK on a sort 
of stool provided with arms sloping forward, whereon 
the pontil is supported before liim in a horizontal posi- 
tion, the glass being at the ixfbn's right hand. Thus 
placed he governs with his left hand the movements of 
the pontil by twirling it to and fro along the arms of 
the stool; and taking in his right hand an iron instrument, 
called a piOccHo, the blades of which are connected to- 
gether by an elastic bow, in the manner of a pair of 
Fig, 10. sugar tongs, he enlarges or con- 

tracts the vessel in different places 
until it assumes the requisite form. 



Fk, 11 . 
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plex nature of its form, to occupy much time in its 
manufacture, it must occasionally be re-heated, as its 
increasing rigidity makes jt more difficult of manage* 
ment. 

To insure the requisite regularity in %h8|»e and siae, 
the workman is provided wfth compasses and a scale 
marked off in feet and inches. • 

The finished article is detached from tjie pontil in the 
same manner as it has previously been from the blowing 
tube, by wetting it at the point where it is ayacked, ancl is 
then dropped gently on a bed o^ ashes kept at the man's 
side for, the jmrpose. It is then taken up on a pronged 
stick, or, when from its shape this mode is^ inconvenient or 
impracticable, the glass is made to rest^^^i^f? ^ detach* 
ing process on a wooden ^lovel, wher^ it consequently 
remains when divided. In eithrt* case a boy in attend- 
ance conveys it without loss of time, and while yet 
exceedingly hot, to the annealing oven. 

If it be required to give to the article any form or 
pattern which is unattaii;able tli# simple ^megns 
narrated, a mould is provided, into which the glass is 
placed while it is being blowm, and where i! receives the 
requisite impression witli as much facility and faithful- 
ness as wax. , * 

The process of annealing ii one of very great import- 
ance ; without it, glass would be*liable to fly with the 
smallest change of tempft-ature, and would break with 
• the flierest sctatch or touch, or even without any ap- 
parent external cause of injury. The most i^asonahfe 
theory which has been proposed in explaiuition of this 
disposition in unannealed glass is* tfiat by^its sudden 
cooling external i>afticles are forcibly contracted, 
while the inner substance still remains soft and ex- 
j>anded. The two 'portions thus take up positions, in 
relayon to each other, very different to ^hose which they 
would occupy if the contt’action of the whole had gone 
forward equally and gradually. By this means a con- 
stant strain is up betw^ecn the diflerent pyrta, and 
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shoidd a force be applied of a nature to rive'* any the 
smallest portion asunder^ the equilibrium of resistance is 
deranged^ and tlie elastic quality of the glass ^causes the 
injury to be felt strongly and suddenly^ but very un- 
equally thrtkugh the -whole mass. ^ 

This theory appears to receive confirmation from the 
well known and often repeated ex])eriments made with 
the Bologna phial and with Rupert's drops. The first 
is a phial of ordinary shape made ofany kind of glass, 
much thicker ^at its bottom than in its upper portion, and 
which has been suddenly cooled in the air. This phial, 
from its thickness, will sustain a considerable blow from 
any blunt instrument, or will bear uninjured the sudden 
concussion caused by the fall of a leaden bullet. But if 
any hard and angular substance, such as a minute 
portion of gun flint ol* even a grain of sand; he drop, 
into it, the bottom will crack all round and drop oiT 
In performing this experiment if the glass be very 
brittle and the substance dropt upon it be very hard 
and sharp — a 6tit diamond for instance — this has been 
seen to pass througli the thick bottom witli apparently 
as little resistance as would be offered by a cobweb. 

The greater, compaiative thickness of the bottom is 
an indispensable quality of these Bologna phials, and 
the more considerable this disproportion is macle, the 
more ca-sily will the ^lisruption he eftected. Some of 
these vessels have been struck by a wooden' mallet and 
were unifcjureff notwithi^nding the forte applietl was* 
sufficient, to drive a nail into most kinds of wood and 
yet the glasses broke readily khen a small shiver of 
flint weighpig 0 T;fy two grains was gently dropt within 
them. Flint being very har’d, and its angles when 
fractured extremely sharp, its points of contact with 
the glass are exceedingly small, so that the effect 
procluced by evefi so^very minute a portion of this sub- 
stance will be comparatively greater tlian would accom- 
pany the blow given by a much larger but softer and 
less anjpilar body, and which for thes^ reasons would 
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divide the shock between a greater comparative number 
of particles of the glass. , 

AnoUier theory has beeit proposed in order to account 
for this singular property in certain forms of unannealed 
glass. It has been imagined that the*sudden cooling 
of glass may occasion it 4o bd more electric than is con- 
sistent with the cohesive attraction of its particles^ and 
that the sudden setting in motion of the electric fluid 
which glass contaifls, may occasion throughout the sub- 
stance a propagation of the motion of th^ fluid, wfiich 
will go on accumulating withitP itself a force too great 
to be at length resisted. 

This theory is by no-means free from diflBculties, yet 
it seems to derive support from a fact which was de- 
veloped in the course of ^ome experiihents made before 
the Royal Society, in winch glass vessels, the thick 
lx)ttom8 of which were only slightly rubbed by the 
Anger, broke after the interval of 'half an hour had 
occurred from the time of rubbing. 

Rupert's ‘ tlrops are smgll solid pieties of cemTpon 
green glass, which have been dropped while red-hot into 
cold water, and which are thus caused to take the form 
of rounded lumps elongated into a kind^ of tail. The 
spherical part w^ill bear very rpilgh treatment without 
injury ; but if the smallest purtiiipn of the tail be broken 
off, the whole article instantly iSursts into a countless 
number of* fragments, s#rainute as to produce only a 
• sliglfl stinging sensation in |the hand oy tSe sudden 
disruption. If one of these drops. is immersed in a 
idiial or tall glass filHd with water, and its end be 
broken off with a pair of juncers* the bulb^wdll be rent 
so suddenly and with so* great a force ps will infallibly 
break the vessel whereliv it is contained. The stoutest, 
wine or lK?er bottle Vould not be strong enough to with- 
stai^l the .shock. , 

Messrs. Aikin compl^ely destroyed this property in 
drhps of this> Icind end in Bologna phials, by heating 
tlicm to rednegs and then allowing them to ^ol gra- 
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ibe aballow trays preiposly mentioned, in the part of 
the oven most expobe(|^o die heat ot the fire, hich, it 
will bfi^ remembered, is kindljpd under one end only. 

' ' Ife.lS. • ’ * 



lladb 0iW of these Her pans or froiches, as it is filled, is 
pttshed llu^ierd in the oven, towards the colder to 
xualw ^lodu fbr <a fireili tray, until the articles, at leti^ 
and in aoOGOSsion, reach farthest cxtrenUly of We' 
oooh, whenoe they atu taken, but little warlmer than the 
tuleUHMfare of im atnioa|di^e. ' ^ 




By the gradual manner in which th^ have parted 
with their heat, time has been allow^ hjni the^regolar 
contraction of whole ifito an unifonn and consil^t 
« substance. * • 

In glasshouses where objects of various magnitudes * 
K and descriptions are made, two or more df thesa anneal- 
ingf. ovens are usually attach^ working 

Pieces which are large, and of aonsiderabile substanee, 
require tha^ the oven in grhich they are annealed AonJd 
^ be made inucji hotter than ia.necessar 3 »for pinner and 
smaller pieces. Glass whi% is afterwaros to pass 
throhgh the hands of cutter is always mt^e of con- 
siderable thickness, and requires not onfy that the heat 
of iSue oven should be very considerable wlmn it is first 
inserted* but that it should be withdraw^ froin this heat 
very gradually ; while^ on the contrary^ such artideB $1^ 
are very thin may be placed at first in a nioiw * 
mofl^te temperature, apd may bl rtnipaed 
«yaa|he.expiration of a few hours. , 

It is impassible by written esplaixalla^ to, impact 
beyond a very Aint idea of thie tWf euHnus linul Is- 
teresdng operations of the This difilcnity 
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does not aiise £rom any comidexity in the manipulationB. 
Althou^^ in^oommon with nearly all the manual arts^ 
these call for long practice to insure proficiency, they 
are yet exceedin|ly simple in their nature. But there 
is something more than ordinaril/ striking — perhaps, 
even, it may be said fascinating in Watching the pro- 
gress tlirough which a substance, in its usual state rigid 
and brittle to a proverb, passes, by rapid conversion, 
firoitji a glowing and shapeless lump lo a perfect article 
of most elegant manufacture. The abwlute control 
which the workman exdlrcises over its form and sub. 
stance ; the perfect ease and security wherewith he pulls, 
and twirls, and divides, and jolas, a matter which we 
are accustomed to handle with only gentleness and care ; 
never fail to excite a high degijee of admiration even in 
those who have had frequent opportunities for witnessing 
the processes. 

The amusement to be derived from watching the 
operations employed in many branches of manufacture 
is probably muen greater than would be imagined by 
persons who Jiave liOt so indulged their curiosity ; and 
among these manufactures, although there are doubtless 
many that calK in a higher degree for our admiration as 
proofs of the genius and perseverance of man, there is 
not one calculated to afibid, for the time, more gratifi- 
cation l^han the operations of a glasshouse. 
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chXp. V, 

ON THE MANUFACTURE -OF OltQWN GLASS^, BBOAJO GUASS^ 
ANJ) BOTTEE GLASS. • 

DKscmrnoif of cro»\’n guass. — haadeh than flint glass. 

MORE DlFFirrjLT TO FASHION. ITS COMFO^TION. IN 

FRANCK. I<l EKGLANO. FRITTING. ClftLET. REFIN- 
ING. SULPHATE OF S01>A. VEGETABLE CHARCOAL. — GA- 

TUKR&NG. BLOWING. — RE-MEATING, Fl/ATTENING. 

transferring to PONBIL. TWIRLIXI. EEFANPING. — 

OPENING. ANNEALING. NICE REGULATION OP TEMFF.R- 

ATUKE REQUIUED 11^ THIS PROCESS. ItUALlTlES OF CROWN 

GLASS. GERMAN GLASS.* BHO^D GLASS. INFERIOR TO 

CROWN GLASS. ITS COMPOSITION. — PREPARATION. — WORK- 
ING. BURSTING. — OPENING. ANNEALING, — BOTTLE 

GLA.SS. MANUFA('TU11E CHPX'KEH INCREASE OP HUTV. — 

COMPOSITION. RESTRICTIONS AS TO MATERIALS, THEIR 

BAT) TF.N1)EN(’V. - — SUPERIORITY OF ROTTl#: GLASS PpR CER- 
TAIN PURPOSES. MATERIALS EMPLOYED IN FRANCK. — AT 

NEWCASTLE. FASHIONING. MOULDING. EXPERIMENTS 

BUGGEHI'F.O BY COUNT CHAPTAL. EL1K6STEIN. VOLCANIC 

GRANITE. ^ 

• 

The name of crown glass is given to the best kind of glass 
commonly used in making windows, and for like parposes. 
In the conTfiosition of tlfts material, iio^lead or metallic 
» oxicH enters as a fluxing agent. A small quantity of 
manganese is frequently used, and sometin^s also a 
minute portion of oxiAe of cobalt ; but 4he object of 
thesa additions is the correction of a faul^ colour in 
the glas«, arising from impurities in the^and and alkali. 
This kind is, therefor'ef much harder than flint glass, 
and would consequt?ntly be more difficult to fashion, if 
it w#re desired to give it any othes form than that of a 
plane surface. ^ 

The composition of crown glass varies considerably. 
Loysel has gi^n several different recipes for form- 
ation. That wfiich he most recommends, stating"" that 
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it is emplayed at tlie extensive works of St. ‘Gobain^ 
consists of 

Fine white sand • 100 parts. 

Carbonate of lime 12 

Carbonate of soda, calcined, 45 to 48 
Clippings of crown glass 100 ; 
with such additions of manganese and oxide of cobalt, aa 
may be required to correct impurities and remove the 
colqur which they occasion. By proper carefulness in 
selecting and purifying the ingredients, the employment 
of these metallic bodies is rendered unnecessary. 

Crown glass is generally made in France uf 100 
parts of fine w'hite sand, 50 to 65 parts potash, 6’ to 12 
parts dry slaked lime in powder, and from 10 to 100 
parts of broken glass of simllarnqualfty : tliis composition 
is frequently employed in that country for the manu- 
facture of common drinking vessels, a.'i well as of window 
panes. 

In England, this material has usually been composed 
of fine Lynn sand, kelp, and elaked lime; tlie proportions 
of these ingredients varying according to the quality of 
the kelp, some kinds of which contain a greater amount 
of alksdi than others. That from Orkney is considered 
to be the best, not only en this account, but also because 
the glass of wliich it is made jiroves of a better colour 
than where Scotch or Irish kelp is enijdoyed. The 
proportions when the kelp is of the best quality arc, 
Fine &and 5 bushels or 200 pounds' weight. 
Ground kelp 13 or 330 
Slaked linie 1 5 ; 

which ingredients are fritted in the calcar as already 
described, prepcjatory to their fusion. 14Tien put into 
the crucible, about half its weight of broken glass, or, as 
it is called in the manufactory, cuUet, is aclded to the 
frit. This compound requires to be kept in fusion at a 
high degree of heat during thirty-five to forty hours, 
in which time an intimate union of all the parts takes 
place; .the glass refines itself by thrpwi^g off all its 
sandiver, and becomes perfectly transparent. It is not 
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advisable to use a larger proportion of broken and refuse 
glass than that just mentioned^ because^ liy its long ex- 
posure tObheat when in fusion^ glass is made to give up 
a portion of its alkal^ becoming hardier^ aru^ less fusible. 
The quantity of glass usually employed is serviceable by 
sooner bringing l^e pot to a working state; but any " 
larger quantity would, for the reason just stated, fensibly 
alter the quality qf the whole contents of the crucible. 
The fragments, before they are used, are first heated, 
and then suddenly plunged into cold* water, which 
renders it easy to reduce them to powder. 

A very superior quality of crown glass is made by 
the mixture of * 

120 parts by weight pf Wliite sand, 

60 • Ppfified pearl-ash, 

30 Saltpetre, 

' 2 Borax, 

1 Arsenic. 

If the colour should prove yellow,^ this is corrected 
by the addition of a smail*quantity of manganese. * 

Another composition, cheaper tnan the fore^ing, 
consists of . 

120 pounds of TVTiite sand, • 


50 

Unpurified pearl-ash. 

20 

Cbmnipn salt. 


^ Saltpetre, 

4 

Arsenic, • 

and % ounces 

of Manganese. 


This produces glass of a good and useful description, 
much employed in tne manufa^tiuge of apothecaries* 
phidls. . • 

The* late M. Gehlen, who was weH experienced in 
the art of glass-making, composed crown glass of the 
following materials * ; — 

• Sand ^ • 100 parts. 

Dry sulphate of soda 50 

Quack lime in powder . il7 to 20 
Cbansaal 4. • 

* Annales de Chimie et de Physiqiu. Fevrier, 1810. 

N 3 
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In this case the sulphuric acid in combination with the 
soda is decomposed by the charcoal^ and driven off 
during the fusion^ leaving the soda to unite with the 
sand. M. Gehlcn made many experiments to ascertain 
the effects of various combinations witli sulphate of 
soda^ and found that this salt could be used without the 
additioh of any other saline flux. If mixed with only 
sandj the vitrification was very imperfect even after 
long continued heat. The addition of lime caused it to 
succeed heifer, biit the time and fuel reqored were still 
excessive. When, however, by the addition of vegetable 
charcoal, tlie sulphuric acid was decomposed , and the 
powerful affinity (festroyed, whiiih prevented the soda 
from acting on the sand, vitrification was produced both 
perfectly and quickly. ' If uscdrin any other proportions 
than those above mentioned, ISl. (vehlon found tliat the 
fusion was accompanied by disagr'feahle sulphurous 
odours, and by an extraordinary swelling over of the 
materials. The, decomposition of the sulphate of soda 
may be effected with equal *ad vantage, either during 
or before vitrification, according as the choice of 
the manufacturer may be infiucnctxl by local circum* 
stances. 

When the materials are properly fused and refined 
by the 'removal of all the ^ass gall, the workman com- 
mences* his blowing operations in exactly the same 
manner as has aVeady been described in the proccs? for 
making flint glass. By repeated dippings of the iron 
tube into ‘the crucible, he gathers as much glass upon 
its' end as ex^erienca teaches him will suffice for the 
formation of a sheet of glass of the usual size, and which 
generally weighs'frora ten to eleven pounds. Thfs lump 
he allows to project beyond the extreme end of the tube ; 
and first rolling it on the iron plane before described, to 
give the glass a cylindrical form, he commences blowtog, 
when it assumes the shape of a pear. A fresh heating 
and a second blowing enlarge its dimensionr, and render 
its shape more globular. A third opemHon of heating 
and blowing still further enlarges the size of the glass. 
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and reduces its substance. The side opposite to the 
tube is then flattened by pressure against a idane surface ; 


Fig, 18 . 



a small portion of melted glass is collected on the end of 
a punt, and is applied to the centre of this flattened side, 
forming an union with it exactly opposite to the hollow 
tube, which is then removed by wetting the glass near 
to their poin^A>f union, leaving a circular li^le in the 
glass about two inches in diameter. 
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Fig. 19. 



At this period the glass must be again held to one of 
the openings of the furnace until it has become suffi- 
ciently hot and ductile for the further alteration of its 
shape. The workman then dexterously twirls tlie punt 


Fig. 20 . 



in his hand, slowly at first, and then morf and more 
quickly, v^hen the glass yields to the centrifugal impulse 
its diameter become greater and greater, the hole just 
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mentioned expands proportionally; and when in this 
continued progression the doubled portion cfpposite to the 
iron rod, and between the periphery of the glass and the 
orifice, is diminished to an annulus or jiug^only a few 
inches wide, this in an unaccountable manner instantly 


Fig. 31 . 



flies completely open, and the glass is converted into a 
plane disc of fifty to sixty inches diaraetdi*, having an 
unifonn thickness tKroughout the entire j)latc, with the 
exception of the spot where it is^ attached to the iron rod. 


Fig. ^'2. , 
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and 'where there is a knot or lump 'which is called a 
huiTs eye. Twelve of these plates make up what is called 
a crate or side of glass. 

The efiect of this operation upon persons who witness 
it ior the Arst time is both pleasing and surprising in a 
high degree. The force wherewith the glass dies open 
at the close of the process would be suiticient, if its 
brittleness were not removed by heat^ to break it into 
inmimerable fragments. 

The plate, when thus finished, is det^iched from the 
iron rod by the usual method, and placed resting on its 
edge in tlie annealing oven. Some considerable care is 
necessary for regulating the teihperature at this stage ; 
for if the heat be^oo great, the softened glass will bend, 
and for that reason will be* leasened in value, while, if 
the oven be not sufficiently hot, the ]>lates are very likely 
to crack ; and if even this disaster should not happen, 
the glass will prove of inferior quality, and so brittle, 
tliat the glazier will be unable to cut it with any degree 
of certainty in the wished-fol* direction. 

Crown glass is sold, according to its quality, under 
four different denominations— firstf;, seconds, thirds, and 
fourths — at considerable difference of price ; that of the 
fourth quality not yielding to the manufacturer nearly 
one half of the price of die first. These variations arise 
principally from the want of f;ufficient care on the part 
of the attendants, in maintaining llie necessary degree of 
heat in the furnace. If this is once suffered to fall, the 
property of glass in being a very imperfect conductor of 
heat renders it dfjfficult again U) raise it to the former 
degree. Ir the operations of large glass house it docs 
not often happen that beyond one third of the quantity 
made is of the first quality ; seconds and thirds com- 
pose the largest proportion of the produce ; and it seldom 
occurs that die quality sinks below the latter of Jiese 
two denominations. 

Large plates of crown glass, such as are required fbr 
glazingrcngraved prints, used formerly .fo be imported 
from Germany. This country has, however, for a long 
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time^ been not only independent in this respect of sU 
foreign manufacturers^ Imt similar plates of Engli^ 
make are^ exported to a consideralde extents 
g Broad glass is a common coarse description of 
dow glass, made of inferior ingredients,* ana by a some<» 
what difPerent pA»ce88 *of manufacture than that last * 
described. The material principally employed for the 
purpose is soap-bo jeers’ waste. This compound is a pasty 
mass, consisting of the insoluble matter of the or 
barilla, and the lime which has been us^ to render 
the alkali caustic, together with a quantity of salt and • 
water. * This substance is united with kelp and sand, 
and the mixture is dridd and fritted.* The proportions 
wherein the ingredients are used ppcessarily vary aor 
cording to the quality of^tbe prmcipal constituents, and 
the manufacturer must be guided by practical knowledge 
in appo'-tioning th« quantities. 

A very usual mixture is six measures of soap-boiler’s 
waste, threy of kelp, and three to four ijieasures of sand. 
The quality of the last of these ingredients is of greater 
moment to the manufacturer than* woul^i seem to be 
generally imagined. • Coarse sand is known to require a . 
greater quantity of alkali for its fusion lihan that which 
is fine ; and as, notwithstanding this, the glass when 
made does not contain the alkali, in a larger proportion, 
it follows,^ that the difF^ence has been dissipated and 
lost^ during the process. The carbonaceous matter, 
which would^ijure the colour of the glass, is principally 
buriied out, and the carbonic acid ^as separated during 
the fritting ; after tlie* completicvi of whtch, the mass, 
still* red-hot, is removed with iron shovels»to the melt- 
ing fufnace, the crucibles are entirely«filled, and after 
twelve or sixteen hours* exposure to tlie proper degree 
of heat, tlie whole is perfectly vitrmed. 

The formation of this glass iifto sheets is thus per- 
formed : — -The necessary quantity being collected upon 
the end of tlv? iron lube, as aiready descried, is expanded 
by the workraenis breath into a globular, or rather into 
an elliptical shape, of about twelve^inches diameter, and 
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of the requisite thickness. This done^ the glass is 
carried to th^ mouth of the oven ; and the end of the 
tube through which the workman has blown being closed^ 
the further, expansion by heat of t^ confined air causes^ 
the glass to burst in its weakest part. While still hot 
and ductile, it is then opened by a paif of shears through 
its entire length into a flat plate, which is then conveyed 
to the annealing oven. ^ 

More than one half of the entire manufacture of glass 
in Great iiritain is composed of commv^n green boftie 
glans. The quantity of this material upon which duty 
has been levied, on an average of the last six years, ex- 
ceeds 11,000 tons annually. Hbwever considerable this 
amount may appear, it is not greater than the annual 
average manufacture of a similar periotl commencing 
in the year 1700, — a fact which may be thought extra- 
ordinary, when it is considered that- during tho inter- 
vening years our population has been importantly aug- 
mented ; that the comforts, and even the luxuries of 
life; have been brought within the reach of a much 
larger proportion df our fellow-countrymen ; and that 
our colonial markets have, in the same time, been very 
considerably extended. The circumstance of the rate 
of duty having been doubled would hardly appear cause 
suflicient for thus arrestinff the progress of consumption 
in an article so generally requifed ; since this duty, at its 
highest rate, has never exceeded eight shillings..sper 
hundred weight A more minute examination into the 
case leaves us, however, without any reason for doubting 
that to the inbrease of the rate of duty, and to it alone, 
is to be ascribed the check given to this branch of '*ma- 
nufacture. In tiie year 1812, when the duty was 4#. Ojd. 
per hundred weight, upwards of'l 3,000 tons of common 
bottle glass contributed towards the revenue. In the 
succeeding year, when an additional tax of 4«. 
was imposed, the consuiliption immediately fell to some- 
where below 8000 tons. From this extreme depres- 
idon it hag since gradually risen, through the increasing 
numbers and improved condition of the community, and 
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aided a diminution of price^ independent oAhe duty; 
but evcd now the manufacture has not reached within 
2500 tons of the point which it had attained in the year 
1812 ; tlius in a very striking manner verifying the re- 
' mark so often made to the variance Uetw&n common 
and legislative arithmetic, and proving the perniciouf < 
tendency of taxes levied upon articles of domestic ma- 
nufacture* It is to be hoped that the improvement of 
the national revenife consequent upon the progressive state 
of our manuf^pturing interests, and the cgnsfantly ame- 
liorating circumstances of manytlasses of the commiuiity, 
will enable the government to carry speedily into effect 
a measure already announced for abolishing entirely the 
duties upon glass of home fabric, when this branch of the 
manufacture will assuredly Teceivjs aiT impulse that will 
carry it far Ix'yond the highesf point to which it has 
•ever yet attained. 

The composition of bottle glass Is as little uniform as 
that of any other description of the material ; varying 
greatly in diderent parts of die kingdotn, and inde^iu 
almost every individual manufactory. It is usually 
made of sand, lime, and sometimes clay, any kind of ^ 
alkali or alkaline asJies which may happen to offer the 
greatest inducement in point otpVice, and sometimes the 
vitreous slag produced from the fusion of iron ore. 
Soap-makers* waste is frequently *uscd in the prsportion 
of three nfbasures to onAncasure of saqd. 

The rate o 4 »duty upon this description of ^ass being 
only one eighth of that levied upon *111111 glas^, the ma- 
nufacturers arc restricted to the use of tke commonest 
kind of sea or river sand, lest the revenue phould suffer 
by the superior quality o*f this less burdened ware. This 
is unfortunate, since, 'far the reason already given, the 
employment of suc)a coarse sand olcasions the necessity 
foraising a large portion of alkalir^ matter, and, in that 
respect, increases the dihrges to the glass-blower. The 
impurity of the alkali, and the abundance of fluxing ma- 
terials of an ^rtliy nature, joined to the veryjiigh de- 
gree of heat at which they are fused, occasion the gjlass 
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to ecMitain a very small pro|K>nion of real saline matter; 
for whieh reason it is better qualified than fiint glass to 
be em^fioyed as the recipient, of fluids which have any 
corrosive action. Chemical retorts and subliming vessels, 
and carboys for containing aqua-fords, should, for this 
reason, be always made with this coi.imon glass, which 
has thw further advantage over flint glass — that it will 
bear a much stronger heat without being softened or 
undergoing any alteration of its shape. 

Bottle ^fas^is a very hard and well vitrj,fied substance, 
and is of less specific gravity than other descri])tions. 
Loysel gives, as the composition usually employed in 
France for the production of thw material, — 

Common white or yellow sand 100 parts. 

Coarse kelp . > 30 to 4*0 

Lixiviateil earth of ashes 16’0 to 170 

Fresh wooil or other ashes 30 to 40 

Yellow clay, or brick earth 80 to 100 

Broken glass ad libitum ^ usually 100 ; 
which composition does not produce any glass gall. 

At Newcastle upon Tyne, where the manufacture of 
bottle glass is much encouraged by the excessive cheap- 
ness of small coal, or slack, the manufacturers employ a 
mixture of lime and sea«sand. This must be frequently 
wetted with sea water, which, on eva]>orating, deposits 
its salt^ the soda contained in this being the only alkali 
employed. When combined i^th silica, and exposcjci to 
a high degree of heat, lime apj)ears to bv endued with 
the property of decomposing common salt; its prerenci* 
is, therefore, essential to the success of tins operation. 

Articles made of bottle glass are fashioned by the jaime 
process as tlio8ei)f flint glass, with the exception of wine 
and beer bottles, tlie containing parts of vrhich are blown 
in metallic moulds, in order to keep them nearly of an 
uniform size. The gvsen colour of this glass is owir^^ to 
the presence of a portion of iron in the sea sand, and, 
probably also, in the vegetable ashes of which it is com- 
posed. « 

If, during the time when the workmen are employed 



CHAP. V. BOTTIiK ^GliASe* X9X 

in moulding and blowing bottles, the melted glass shnnlil 
— as indeed it frequently will become oooler than is 
desirable for the purpose, ^o that. it is found necessary 
to repleni Ai tlie hre, so much dust will be thus occasioned, 
Owing to the description of coal employed, tRat the suiv 
face of the melted glass will b£ covered with carbonaceous < 
matter. The effect of this upon the contents of the cru- 
cible is very curious. The glass^ which had before re» 
mained perfectly (fiiiet, becomes suddenly so disturbed 
throughout as Jo present' the appearance vMent ebul- 
lition, and the whole mass is infmediately crowded with 
an infinite number of minute air bubbles, which, so long 
as they are suffered to* remain, render the glass wholly 
unfit for use. 

The time that would J)c Tequised for burning away 
tills carbonaceous deposit, and tfi restore the glass to ite 
former working state, would be so considerable, that it 
would be highly inconvenient to widt for the production 
of this effect ; and it is therefore fortunate that a simple 
remedy has been discovered^ which immSdiately alid per- 
fectly restores every thing to its former state. 

Whenever die accident here mentioned occurs, the 
workman has only to dirow a small quantity of water 
into the crucible, when the; whfj}e‘ mass will be immedi- 
ately stilled, and the bubbles-will as instantly disappear, 
so that the workman may proceed'without furtbep delay. 
Thi.j curidhs effect has %een referred ^p-die^decomp6- 
^ sition by heat wf the water, which, giving up its oxygen 
to , the coal dust, converts it into casbonic acid gas ; in 
which form it is instaUdy driven^ off by «the excessive 
lieatvof the furnace, and is dissipated in the^tmosphere. 

In 1780, the celebratc(l M. Chaptal recommended 
Ducros, a manufacturer «of bottle glass, to make trial of 
a new material for his purpose. This gentleman entered 
in Qpnsequence upon various experiments, which were, 
many of them, to a certain extent, successfiJ. The sub- 
stance thus recommended, and which formed the basis 
of these expei^ents, was decomposed, pulveruj|pnt, ba- 
saltic earth. This is found in great abundance in many 
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fttkts of Fmi6e> and* is obtdoabk ik ^ val- 

kys of all basaltic countries^ 

In tile first uial antde of this eor^ by M. Ducroe^ It 
Mb fooed in a ^ass pot wilboul; admiictore' witb any 
other sttbs&nce'; and the result obtained was giaas of^aii 
^ exoeedin^y deep yeQow cdour/and InacrouB. In subse- 
quent experiments^ various proportions of sand were ui^ 
in GCHijunction with riie bai^dc earth. The mixture tl^ 
Wji$ fbnnd to answer the puipose be(»t was where eqtu^ 
parts of edich ingredient were mployed. ^This produced 
glass of an olive green Colour. * 

^ There was for some time a considerable deiiMind for 
bottles thus composed ; but owing to a difficulty which 
the manufacturer experienced in procuring materials 
having the requisiW uniformity in their constituent parts, 
the manufacture was, i^ter a time, abandoned. 

M. Alliot has published the results of a coarse of 
experim^ts made by him with basaltic ^artb> with a 
view to the composition of glass. Not being able to ' 
hSve Ttcourse to the furnace of a glasshouse, M. Al« 
liot was obliged to ^content himself with tlie less intense 
heat of a potter’s kiln, wherein the different mixtures 
whidi he employed were severally heated during eighteen 
hours. It is probable that the results which he has de- 
tailed would have proved mere satisfactory, could recourse 
have been had to a more efficient mode of heating. The 
experiments were all conductrii in crucibles. - 

V ' 

^ * 

No. 1. WSE filled with the pure basaltic earth. Jhis, 
in fusing, <»vras converted inb> a black glass, which 
was opaque, and tolerably well melted. « 

No. 2. contain^ a mixture composed in equal parts of 
basiiklt, ashes, and white quartz in powder. This 
produced a cofflfiercoloured glass, which was lustrous, 
and somewhat reaombled porcelain in appearaiicq. 

No. 5. was charged with half oasalt and half common 
^nd. The ^ass produced from this compound ap« 
^pearf 1, when in the mass, of a blue-black colour ; 

V but when small thin portions were examined, these ^ 
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Ka ti^nijlsftad eiK^ ei^ rnam^ 

imd yefti«e «od«. The wpwlt.^w e 
4)f A gfmieh ydbw ^ 

it was very wdl inell^ 1^ 

would have Ibn^ i^uselimil Wiies. ^ 

iNO* consisted wholly of sand taken from 
Orb» in the immediate nelghbqprjipod of 
is found a consid^ahle lMMsa|bdc embu 

The glass from this «and was well mmtedi and ap** 
peered to be every way ad&piod.for the manu%|time 
of v^y good and serviceable gli^ Votdes* 

* This basaltic earth is gaceeding^y HaU qualified hodi 
for fusion by itself^ and for employment as a fiuxing 
material where other substances are used. It is foitiid^ 
by analysis^ tq contain about 45 parts of ailex^ l6^ Hf 
'alu^ine, 20 of oxide of iron, 0 of lime, and from 2§ 
to 4 parts pf pure soda ; tlpree of these iHtbstanoeo bei^pg 
yfery powerful fluxes. 

^xne other miuerals have beOn proposed? m&r acconirt 
of the *soda which they contain, as wd^ qualified for 
making glass: sucli, for instance; is Ar/tn^a(cio, which 
* Contains nearly one twelfth part of its wdi|^t of that 
alkali ; but as the other fioxing’xnaterioia preoont in 
basaltic earth are wantingiin those'other mKn^aKs, they 
pro\% far less fobihle. * • 

Whenever basaltic earth is larg^y employ^ in dm 
com {position of glass/ i^ usually proves of^ c&rk olivo 
^green colour, varying some iraes h/a t^ry deep yellow ; 
and it dpes not appear at all probable that "^his colour 
could in any material dqgree he corrected. The gplaM 
, produced is spe(^<x,lly lighter tbanjany common gre^ 
bottle Iglassj and at the same ti^e is consldemd^y 
harder aud tougher, so ar to bear, without ii^ury,11^wa 
which would infallibly break cfidioary glass. The ^Uaih 
tity of alkali Vhidr it contains is $midl~mmdiamidt^^ 
in /act, than isVifiquiied to bring glass of ever^ 
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description to a workable state. For this reason basaltic 
glass is peculiarly well qualified for chemical purposes ; 
as vessels made with it will resist the destructive action 
of corrosive liquids. ' r 

In addition r to the experiments already detailed as 
having been made by him^with^basal^c earthy M. AUiot 
made,, trial of various other combinations for the pro- 
duction of bottle glass. He succeeded with the two 
following : — c 

The filist was a mixture in equal parts of ashes and 
a volcanic granite. This fused perfectly^ and produced 
a very fine dark and lustrdus glass, exceedingly well 
qualified for the, composition 9 f bottles. The second 
wqn composed of 1 part ordinary soda, parts ashes, 
sna 6 parts common saqd. The glass thus formecl 
was of s yellowisli black colour, interspersed with veins 
of blui^ w’hite, which were opaque, 
if When the duty shall be removed, and the manufac- 
turer finds himself without restriction in regard to the 
materials which he may employ, we may expect to wiU 
n^a some considerable improvements in this branch of 
the glass-m^er's art. 
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DIFFKREPTT DESCRIPTIONS OP' PI-ATE GLASS.- — BLOWN PLATRS 

Li;»lTED IN SIZE. CAST PLATE WORKS AT RAVKNHEAD. 

DIFFICULTIES OP THE PROCESS. — MATERIALS. — VARIOUS 

COMPOSITIONS. — b8rAX. — MIXING MATERIALS. FRI^TyiG. 

— FURNACES ^N’P CRUCIBLES AT ST. GOBAIN. — •OTS. — CU- 
VETTES, REOULATION OF FlKltAG* CASTING TABLES. 

ARKANGElir.NT OF FOUNDERY AT RAVENHEAD. ANNEALING 

OVENS.' PROCESS OF CAVnNO PLATES. — ANNEALING. 

SQUARING. GRlNDlNcf ECONOMICAL mPROVEMEllrT^rj|^ 

SMOOTMIKG. — EMERY POWDER. — COMPARATIVE VALcfljK 

LARGE AND SMALL PLATER. — POLl^flNfi. SlLVER^NQi — 

PREPARATION OF AMALGAM. AlOlfE OF ITS APPLICATION.— 

BLOWING PLATE GLASS. PUNCHING. PARTIAL 

TRANSF»:II TO PONTIL. COMPLETION^ OF CUTTINO; 

INO. SIZES OK PLATFS. — EFFECT OF SUN*H RAYS IN DITO- 


LOCKING PLATE GLASS. 

• • • • 

Two descriptions of plate gfass are made : one by blow- 
ing and opening, in tlic manner of broad glafs, as already 
described ; the other by casting the melted materials upon 
a plane metallic surface, somewhat in thS manner pur- 
sued for iiiaking sheet lead. ^ * 

Plates of glass which are blown are necessarily limited 
in their sizi, although so^e of considerable dinfUensious 
are i#oduced this way. When cast, t\tb extej^t of the 
plates may be inucb gi’eater ; and, indeed, is limited only 
by the very heavy expanse attending the^ erection of 
machinery, and the prosecutign of^ the manufacture in 
its various parts. Different manufactories* have bc^n 
established at various times in this kingdom for the pro- 
duction of plate glass by blowing, j|mt these, one aft^r 
another, have mostly been discontinjied. The last esta- 
blishibcnt of this kind London existed a very few 
years since in East Smithfield ; but being a private esta- 
blishment, and the proprietors finding it impossible to 
continue a succas^ul competition with the powerAil cor- 
o S • 
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porate body alluded to in the first chapter of thi^ treatise^ 
the works have been discontinued ; and the only place in 
England where plate glass o£.any great magnitude is now 
manufactured^ is on the premises of the Bfitish Plate 
OlassCom’pan/at Ravenhead^ in Lancashire^ where plates 
are cast which equals in eVery resj^>eca^ the produce of the 
French manufactory at St. Gobain. The office of this 
corporation is at the foot of Blackfriars Bridge, in Lon- 
dqp ; and here plates of glass of the fnost perfect quality, 
and of alPdipiensions up to the prodigiops lengtli of i 60 
inches, may at all timd^ be procured. 

Great reluctance has always been evinced by, the pro- 

a 'etors of plate glass works to 'permit their examination 
l^isiters. Persons afe, inde^, occasionally admitted 
to view the mysferies ; but, pither by their habits and 
rank^in4i% <^ch individuals are unqualified or unlikely 
t^iascribe what they witness ; or the relaxation is made 
m their favour under a seal of confidence, whiclh renders 
it impossible that they should impart the information 
they have acquired. The# late Mr. Parkts appears to 
have been fortunate in this respect ; and having obtained 
permission to visit the works at Eavenhead, was not 
restfained frqm publishing a short, but interesting, ac- 
count of tlie processes, which he witnessed. From this 
source the following description is drawn, as far, at least, 
as relates to the buifdings and arrangements particularly 
used at Raveqhead. * * 

Morfc care in the choice of rnaterirls, and greater 
nicety in conducting the processes, are required ^or the 
preparation* of glat^ glass thaw are needed in any other 
branch o^ the manufacture. The materials employed 
are sand, soda, and lime, to which are added manganese 
and oxide of cobalt as decolouring substances. The 
sand must be of trie finest and whitest kind : the grains 
should be sharp, and of a moderate size ; if very, .small, 
they are likely to clot together, and consequently will 
not mix intimately with the alkdi ; and if the grains are 
large^they are on this account longer in being fused. The 
sand must be passed through a wire of the proper 
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doseness into water, and should be well agitated to sepa- 
rate all (firt and impurities. The alkali used is always 
soda : this is preferi^ to potash ; as glass made with the 
former su^tance is thinner, and flows better^ while hot, 
and yet is equally durable when cold. *The quality of 
flowing freely is of the Vjery first importance in casting * 
large plates, which, to be perfect, require to be Without 
streak or bobble. Another advantage attending the use 
of soda is this; — tfiat the neutral salts of which it is«the 
base, such as muriate and sulphate of sod#, and which, 
in this instance, constitute the glass gall, are dissipated 
more readily by the heat of the furnace, than are the 
salts of which potash ife the base. The soda mu8t%e 
used in a state of considerable purity^ and is gendiklly 
either that which is sepawiteU frjm the ashes Of barilla, 
and other soda plants, by lixiviation, or is produced by 
che decomposition of common salt. . 

Lime acts in promoting the fusibility of the srlex and 
alkali, fulfilling thus the same office as js performed by 
litharge in the manufactui^ of flint glass. Frdm «ne 
fifteenth to one twenty-fourth part of the w^jole materials 
is the largest proportion that can properly be used of 
lime ; any greater quantity would impair Jbolh the colour 
and solidity of the glass. • 

Manganese would have the eflect of giving a slight 
tinge of reil ; hut when mixed in a proper proporti^Jn with 
the .Jlue of the cobalt, aiiJl both togethei^are qiet by tile 
natural slight fellow of the other materials, dach neu- 
tralises the other, so that scarcely airy definable tint re- 
mains. ^ • 

In addition to these ingredients, a consid 4 ?rabIe quan- 
tity of fragments of glass, or, as it is calloil, ruilet, is used 
in combination with thV fresh materials- Of these frag- 
ments there is always an abundantfsupply in the glass- 
house, produced from what is spilth in casting, and from 
the ends an<f edges that are cut off in shaping the plates. 
This broken, glass, or cullet, is previously made friable, 
by throwing iL jvhile hot, into cold water. ^ 

It is consiuered that the addition of one pound of 
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pure soda is sufficient for four pounds of sand^ But it 
is not enougfi, in the preparation of glass for casting, 
to apply the alkali only in the proportion necessary to 
produce good glass ; much more tluin this must be used, 
ih order to procure the requisite degree of fluidity. 

The composition given by Loysel as being used in the 


great works at St. Gobain is tliis : — 

^IVliite sand, ^ 100 parts 

CarboAatq of lime^ ^12 

Soda, *• 45 to 48 

Fragments of glass of like quality, 100 
Oxide of manganese, « OJ^ 


Parkes recommends the following proportions, as quali- 
fled to produce plates of glak of the best description ; — 

Lynn sand, previously well washed and dried, 7^0 parts, 
Alkaline salt, containing 40 per cent, of soda, 450 
Lime, slaked and sifted, 80 

Nitre, ^ » .25 

Cutlet, dr broken plate glass,'* 425 

These quantities are required to produce one pot of 
metal, which will yield 1200 pounds of good plate glass. 

Another author states the following proportions as 
being found to produce very fine glass : — 

Fine white sand, ^^00 pounds 

%oda, 200 •“ 

Lime, * 50 

Oxide of manganese, ^ 32 ounces 

Oxide of cobalt, 3 

Fragnnftints of glass, 300 pounds * 

The well known ^property of bo'-ax, as a powerful 
flux, has occasioned ^^the suggestion that, by its means, 
glass made with potash might b? caused to flow in fusion 
as freely as that wherein soda is employetl. It has been 
asserted that small quantities of borax have always been 
used in works at St.Gobain; but the s^ cresy observed 
in regard to all the operations carried on in that establish- 
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ment readers it impossible to say what degree of truth 
there is in the assertion. 

Great care is required iir mixing the materials ; much 
more^ indeed, than is called for in regard to pther kinds 
of glass. The sand, lime, soda, and m*anganese, being 
properly intermiiifeled, are fritted in small furnaces, 
wherein the temperature is gradually raised to‘*a full 
red, or even to a white, heat, at which point it is main- 
tained, and the materials are carefully stirred until, va- 
pour is no longer given off, and no further change is 
undergone by the materials. Yhis process of fritting 
lasts about six hours • and when it is nearly completed, 
the remaining part of <he ingredient^, consisting of the 
cobalt and broken glass, are added. The latter, having 
already been perfectly vitrified, /loes not, consequently, 
require any lengthened exposure to the fire. 

The ^urnaccs at St. Gobain, in which the perfect fusion 
and vitrification are accomplished, are eighteen feet long 
and fifteen wide. They contain two k^ds of crucibles. 
The larger ones, wherein Che glass is melted, ar6 called 
potf}, and are formed like inverted truncated cones ; the 
other crucibles, whiph are smaller, are called cum^ttes: 
these last are kept empty in the furnaces/* exposed to the 
full degree of its heat, that when the glass is ready for 
casting, and is transferred t6 thcpi, they may not inju- 
riously lower its temperature. The comparative* size of 
the^ cuvettes varies according to the dipiensipns of the 
plates which ^ is intended to cast : when thes^ are very 
largt, the cuvette will contain one third of the charge of 
the pot; but in other^ cases its c#ipapity is not greater 
than a fourth, a fifth, oi; a sixth part of tlip contents of 
the crucible. * 

The method used fof regulating the supply of fuel to 
the furnace in the great works of St. Gobain, is at once 
so Aide and so absurd, that one would hesitate to believe 
in the correctness of the narration, if it did not rest upon 
good authority. It is said that two persons are em- 
ployed, who,^b^ing disencumbered of all superfluous 
clothing, incessantly run round the furnace with a sneed 
o 4 * 
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equal to seyen leagues in six hours." These men on 
their circuit take up each two small billets of wood^ cut 
to a eertidn siae^ and heaped together ; tliese they de* 
posit as th^ run^ first one and then the other,'* in the 
openings of the*fumace, which by such means is fed at 
♦ regularly recurring intervals of tftne. •^Having continued 
this intellectual employment, without ceasing, during six 
hours^ tile men then surrender their seven-lea^e boots" 
to qthers, whose heels and hands are sSimilarly employed 
during an 5*qivil period of time; after which they are in 
turn reliev'ed by the first* set of couriers. 

From the time of filling the pots, it requires nearly 
forty hours’ exposure to strong heat, ere the materials 
are properly vitrified and in a state fit for casting'. The 
processes of filling the pots,* ami of removing the glass 
gall, and the various appearances that ensue in the re- 
fining, are precisely similar to what;, has already been 
described in a former chapter. 

When the glass is thoroughly refined, the cuvette— 
which Inust be perfectly cleun, and, as already men- 
tioned, of a t;?mperature equal with that of the glass— 

. is filled in the following manner:— A copper ladle, ten 
to twelve inchvs in diameter, fixed to an iron handle 
seven feet long, is plunged into the glass pot, and brought 
up filled with melted glass/ which is transferred to the 
cuvette*, die ladle during this transference is supported 
upon a strong ijon rest, placea under its boltom, p.nd 
held by tfro other workmen. This precatf.ion is neces- 
sary to prevent the bending and giving way of the red 
hot copper under, thq, weight of fluid glass which it 
contains. >i[Chen by successive ladings the cuvette is 
filled, it is sufiened to remain during some hours in the 
furnace, that the air bubbles formed by this disturbance 
may have time to risr and disperse ; an effect which is 
ascertained to have cifljued by the inspection of samples 
withdrawn from time to time for the purpose. 

Another essential part of the apparatus consists in fiat 
tables '^ereon the plates of glass are ^ast. These 
tables have perfectly smooth and level metallic surfacesj^ 
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of suitable dimensions and solidity, supported by tnasonry^ 
At St. Gobain, and formerly also at Ravenhead, these 
tables were made of copper; the reason assigned fm* 
preferring* this metal beings that it does not di^lour the 
hot melted glass, while the use of iron was thought to be 
accompanied by tliis disadvantage. These copper tables * 
were Very costly, botli from the nature of their material^ 
and the labour bestowed in grinding and polishing their 
surfaces; and as* the sudden access of heat that, ac- 
companied the* pouring over them of such af torrent of 
melted glass occasioned the metal frequently to cracky 
the tal)les were by such an accident rendered useless.,^, 
The British Plate Glas'S Company having experienced^ 
several disasters of this nature, its directors determined 
upon making trial of iron arid they accordingly procured 
a plate to be cast, fifteen feet long, nine feet wide, and 
liix inchfs thick, which has fully answered the* intended 
purpose — having, during several years of constant use, 
stood uninjured through all the sudden a^cl violent alter- 
nations of temperature to •ivhich it has been eJtposed. 
This table is so massive, weighing nearly fourteen tons, 
that it }x»came necessary to construct a carriage pur- 
posely for its conveyance from the iron faundery to the 
glasshouse. It is supported on. casters, for the conve- 
nience of readily removing if towards the mouths of the 
different annealing ovens. • 

T^e fouhdery at Ravenliead wherein tVis taWe is useil 
is said to be the largest room under one roof lhat has 
overset been erected in this kingdom ;• it is. 3 39 feet 
long, 155 feet wide, aral proportion atfly lofty, West- 
minster Hall, to which the superiority in tlys respect is 
so commmnly ascribed, is smaller — its le'igth being 300, 
and its breadth only POO feet. The melting furnaces, 
which are ranged down the centre, occupy about one 
third* of the whole area of this aparfment. The anneal- 
ing ovens are placed in fwo rows, one on each side of 
the foundery,^ and occupy the greafest proportion of tlie 
side walh. Eacl^ of these ovens is sixteen feet vMe and 
forty feet deep.^ Their floors being level with the sur- 
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£ace of tHe casting tablc^ the plates of glass may be de- 
posited in them immediately after they are cast^ with 
little difB^culty and without delay* 

When tlje melted glass in the cuvette is found to be in 
the exact state that experience has pointed out as being 
most favourable for its flowing readily- and equably, this 
vessel withdrawn from the furnace by means of a 
crane, and is placed upon a low carriage, in order to its 
renaoval to tlie casting table, which, as it is previously 
placed contig^ious to the annealing ovem that is to be 
filled, may therefore be at a considerable distance from 
the melting furnace. Measures are then taken for 
cleaning the exterior of the crucible, and for carefully 
removing with a broatl copper sabre any scum that may 
have formed upon the surface of the glass, as the mixture 
of any of these foreign matters w^ould infallibly spoil the 
beauty of the plate. These done, the cuvette Is wound 
up to a sufficient height by a crane; and then, by means 
of another simple piece of mechanism, is swung over 
therupiter end of the casting table; and being thrown into 
an inclined ppsitiorr, a torrent of melted glass is suddenly 
poured out on the surface of the t^ble, which must pre- 
viously have been heated, and wij)ed perfectly clean. 


iwg. 23. 
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The glass is prevented fVom running off the sides of 
the table by ribs of metal^ one of which is placed along 
the who4 length of eacK side, their depth being the 
exact measure which it is desired to give t(ythe thick- 
ness of the glass. A similar rib, attached to a cross 
piece, is temporiR-ily held, during the casting, at the* 
lower end of the table. When the whole contents of the 
crucible have be^n delivered, a large hollow copper 
Cylinder, which has been made perfectly true^nd smooth 
in a turning lathe, and which, extends entirely across . 
the table, resting on the side ribs, is set in motion ; and 
the glass, during its progress, is spread out into a sheet 
of uniform breadth atul thickness. Its length depends 
upon the quantity of melted glass * contained in the 
cuvette : should this be^ more th*an is needed for the 
formation of a plate having the full dimensions of the 
table, the metal rib is removed from its lowe/part, and 
the surplus glass is received in a vessel of water placed 
under the <i\treme end for the purpose.# 

Mr. Parkes, in speaking^ of this operation, remarkiS — 
The spectacle of such a vast bo(ly of •melted glass 
poured at once from* an immense crucible, on a metallic • 
table of great magnitude, is truly grand ; •and the variety 
of colours which the plate exhibits immediately after the 
roller has passed over it, render** this an operation far 
more s})]endid and infyesting than can possibly be 
des iribcd." » • ^ 

At least twenty workmen are busily employed during 
this 'process of casting. From the time that file cuvette 
is removed from the fSrnace, to the *completion of the 
casting by the hardening of the glass, tlfe apartment 
must he kept as free as jiossible from disturbance ; even 
the opening and shutting of a door might, by setting the 
air in motion, disturb the surface cf the glass, and thus 
impair tlie value of th^ plate. So soon as it is com- 
pletely set, the plate is carefully inspected ; and should 
any flaws ordiubblcs appear upon any part of its surface, 
it is immediately divide by cutting through t|i‘^n. 

When the plate of glass thus fq^med has been suffi- 
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ciently. fixed by cooling, it is slipped from the table 
gradually and- carefully into one of tibe annealing ovens, 
where it remains in a horizontal position ; its treatment 
differing in^this respect from that pursued with crown 
and broad glass, which stand on edge during the anneal- 
<ing process. As each oven in this* manner becomes 
filled, It is closed up by an iron door, the crevices of 
which are carefully stopped with mortar or clay, to pre- 
vent any access of external air to the oven ; and thus 
to provide as far as possible for the grao^ual cooling of 
the plates, the necessity for which has already been 
sufficiently explained. Hlien the glass has remained 
during about fifteed days in tliese'ovens, they are opened, 
and the contents withdrawn. 

The plates have then^ to undergo all the operations of 
squaring, grinding, polishing, and silvering, in order to 
fit them for sale. 

The first process — that of squaring and smoothing the 
edges — is performed by passing a rough diamond along 
tbe»»surface of the glass, guided by a square rule ; the 
diamond cuts, to a certain depth into the substance, when, 
by geptly striking the glass with a spiall hammer under- 
neath the part which is cut, the piece comes away ; and 
the roughnesses of the «lge thus left are removed by 
pincers. The plate is^ then taken to the grinding apart- 
ment. ' 

The neyt step is to imbed each of the plates nppn a 
table or frame adjusted horizontally, and i.iade of eitlicr 
freestone cr wood, 'ceroenting the glass securely thereto 
by plaster of Pari^ Dne plate k eing then reversed and 
suspended over another, the material employed in grind- 
ing their surfaces is introduced between the two, and 
they are made to rub steadily' and evenly upon each 
other by means of nwebinery set in motion by a steam- 
engine. It was formerly usual to employ river «and 
and water, for the purpose of a^)rading the surfaces ; a 
circumstance which entailed considerable v^ste and loss 
upon tjjjp manufacturers. The glass wjtich was ground 
off*, and which usually amounts to one naif the weight 



CHAP. VI. PLATE* GLASS. 

of the plates as they are cast^ being thus Jwith a 
niateriaT which contained a portion of iron^ was sold at 
a low rate for making bottle glass, or for sco\iriug pewter. 
Mr. Parties has calculated that ^e loss of glass oy this' 
means to one establishment — that whidh wfi carried on 
in East SmithHelj — amounted to two tons weekly ; and* 
that the expenditure of sand in the same period was at 
least sixteen to twenty tons. 

A method haal^ however, been devised for saving the 
whole of this^glass, so as to render it ayaifahle for the 
manufacture of the better descriptions. This plan con- 
sists in substituting, for the river sand before mentioned, 
ground flints, which ^contain no portion of iron. A 
further great advantage attending this method is, that 
one ton of ground flints is equally, effective with five tons 
of sand, and that the operation Is completed in a shorter 
► time than formerly. ^ , 

APlieii one side of each plate has been sufficiently 
ground, it is loosened from the frame, and turned over, 
so as to present the other* surface to de ground in* the 
same manner. Some degree of pressure is employed, by 
loading the upper plate with weights, as the grinding of 
each side approaches to completion. %he process thus 
described used formerly to las^ during three entire days, 
but this time is now muoh abridged. The greatest 
attention is required, in order to* finish with the surfaces 
perfectly •level and parallel, for which^ end a rule ahd 
pluhib line a^e employed. * * 

By means of this grinding, the plates will have been 
made level, and all ii^qualities ip the surface will have 
been removed; but they are too rough ^to receive a 
polish « to fit them* for this, they must.again be ground 
with emery powder 6$ increasing degrees of fineness. 
The preparation ahd sorting of this powder are effected 
in l)[ie following simple and ingen/ous manner : — 

A considerable quantity of emery is put into a vessel 
containing water, a.id is stirreil about >dolently until the 
whole is mechanically mixed with the water. Emery is 
absolutely iniibluble by such means ; and if the mixture 
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ir^re left at rest during a suiRcient time, the vrhol^ wauld 
subside in layers ; the coarsest and heaviest ^Articles 
sinking first, and so on successively, until the very finest 
|>articles would range themselves as the upper, .stratum. 
Previously ft this, however, and while these finest grains 
gre still suspended in the water, it is poured off into a sepa- 
rate vessel, and the emery is there allowecfto settle. A fresh 
supply of water is poured into the first vessel, the con- 
tents of which are again violently agit^-ted, and allowed 
partially to subside as before. A shorter interval is al- 
lowed for tliis than in the, first case ; and tHen the liquor 
is poured off into a third vessel, by which means emery 
of the second degree of fineness is separated. * 1'his 
operation is repeated, in order to obtain powders having 
four different degress of fineness : the deposits are then 
separately dried upon a ^tove to a consistence proper for 
making them up into small balls, in whicli form they 
are delivered to the workman. 

In this further rubbing together, or, as it is called, 
of the*glass plates, it must he undc»*stood that 
the coarsest emery is first used, and so on, substituting 
powders having increasing degrees of fineness as the work 
proceeds. 

This operation completed, the glass is perfectly even ; 
and although the surfaces appear opaque or deadened, 
they ar^ so smooth that no scratcliiness is at all percep- 
tible. The plates are now a^iin subjected /o a rigid 
examinati']in ; aifd should any flaws or defects beper<l*p- 
tiblc in them, which had before escaped cfetection, they 
are cut up with a diamond into smaller plates, so that 
the blemishes are left 'at their edges ; regard being had 
to economy dividing the gla^s, so as to produce the 
smallest possible number of piqces. Attention to this 
circumstance is of the greatest importtance to the profit- 
able working of the "^establishment, since the value of 
smaller plates bears no comparison with that of glioses 
having more considerable dimensions. This may be seen 
At once in referring to the following table, which has 
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been caleuleted upon some of the published priees^of the 
British Plate Glass Company. 


Dimensions. 

Surface in Square 
^ Incites. 

7" 

I>rice. 

Price pet 
Sq. Inch, 

60 inches by 30 inches. 

1,800 

^ s. d. 
JO 10 1 

• d. 
1-400 

60 - - 40 - 

2,400 

16 3 5 

1-617 

60 - - 50 - - 

3,0(X) 

22 10 ^ 

1-8D0 , 

70 - - 5a - - 

3,500 

28 9 8 

1*946 

80 - - 50 - - 

4,00(f 

34 14 10 

2-085 

100 - - 50 * - 

5,000 

46 9 8 

1 *327 

100 - 60 - - 

, 6,000 

63 15 1 

2-550 

100 - - 70 - - 

7,000 

80 8 2 

2-757 

100 - - 80 - - 

8, OCX) 

98 4.10 

200 8 0 

2-947 

132 - - 84 - - 

•11,T)88 ^ • 

4-337 

160 - .. 80 - - 

12,800 

246 15 4 

4-705 


The largest of the plates here mentvpned is capable 
by reduction of being converted into T tV pl*itee *lia\1ng 
the dimensions of the smallest in the Tai)le ; whereas 
the price of the forpier is 23.J times greater than, that 
of each of the small plates, and more tham times the 
aggregate value of those into whicli it would be divided. 

The reason for this progrCssional rate in die prices is 
sufficiently obvious. I'ould such a degree of pertTecliosp 
bo ^ttained in the different processes vf manufacture, 
that a certain ti^r existed of producing plates of every re- 
quisite dimension, there would no longer be* any pre- 
tence for thus enhancing the prices of, the hrger pieces; 
and •plates might be sold indiscriminately %at so much 
per superficial foot in the manner usual with linen or 
woollen fabrics, making 'perhaps some allowance for the 
greater expensiveness of machinery required for large 
t!ian» for small operations. But Buch a degree of cer- 
tainty is so far from accompanying the labours of the 
glass-founde^ that ii is but very rarely he is enabled to 
finish and produce for sale any plates of extra 4in)en- 





«i 0 ! 98 ;w]iikit mmt fre^^ntlylUppeiiBihattfoeiis'eB^^ 
of n\ixxmim» fiaw^ and bub^los com^k tlia diviam and 
aobdivi^on of the gkaa intp portions beating, for the ^ 
very reason of their abundance^ only^a smnll relative 
. vaioe. ^ 

r It is repesented as being ananterpting sight to 
ness the grinding and smoothing of a great number of 
plates of large dimensions, which by means of machinery 
are^ thus made to move with great velocity, and in all 
directions**^ ^ ‘ 

The next process is that of polishing , ' For this pur« 
pose a substatice is used^ known in commerce and the 
arts as coleothar cr crocus martis. This is the brown 
red oxide of iron, which remains in the retorts after the 
distillation of the acid from* splphate of iron. ' « 

The instrument used in polishing is a piece of wood i 
covered .with many folds of woollen cloth, each fohl 
having between it some carded wool, so that tne whole ' 
dorms a tolerably hard but elastic cushion ; and this is 
jBimisbed witlf a handle fpr the convenience of the 
workman. , * 

The plat£* is imbedded in plaster upon the table in ' 
the manner a^eady described, antf tlie polishing instru- 
noent being wetted by means of a brush, and covered 
with coleothar, the workman commences his operation 
by rubbing the cushihn backward and forward over the 
^rface of tlie glate ; not, indc^, attempting to polish the 
entire anitface at the same time, but ope]|Bting upef/i se- 
parate i>Qrtions, beginning at each corner, and proceed- 
ing regularly towards the centr^, so as to leave no part 
un visited bv its due degree of attention and labour. 

Considerablfi dexterity and •practical skill are needed, 
not only to produce a liigh polish u]>on the plate, but 
also to give this it^ an uniform degree over its whole 
surface ; and the ddishing touches require,, therefore, to 
be given with great care and judgment. 

When one side is polished, the plate is turned on the 
table^as it has before been in grinding and smoothing ; 
bat as iSie white plaster would appear' through the glass 
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and.tiinder the workman from fanning «n aeemute Jndi^ 
tnent ujr>bn his progress in this second operation, 
previously polished side is provided widi a coating of 
red colcothar. >«Wben the Workman is sa^^fied widi 
the re!}ult of his laliour upon this secihnd surface, the 
plate is taken fron^ the table/ and being cleaned, is laid, 
each ' side in its turn, upon a dark blue oi? black 
cloth, which, as it admits only a moderate light, sliows 
by inspection any^ parts whidi may be less elabora|ely 
polished tlian ^he rest : these must b^ rQjtodched by a 
small polishing cushion, in the &ame manner as before. 

It would be a tedious operation, if every small frag- 
ment of glass, such pieces, for instance, as are used in 
swing frames on toilet tables, must be polished separ. 

' ately. The edges of sewrjfl of thes^ pieces are there- 
fore brought together for the purpose; but as all these 
are not of one uniform thickness, it is necessary to re- 
medy this inconvenience; and, in order to bring their 
surfaces to a perfect level, they are prranged, with 
the side to 1)0 polishCd dolSmwards, on a large Smoodi 
level plate ; plastef of Paris is then*pour€^ upon their 
upper surfaces,, whicl^^ are thus embedded together,, and 
on being turned over, the whole number of pieces is 
found to be so level, that the. polishing may be per- 
formed as easily and as effectually as it could he with 
one errtire plate. * 

the polishing oP the plates hasj been satisfac- 
• torily completofl, they are washed with water, "and are 
either, removed to the ware-room for sale, oi^ in case 
of their being intended for mirr9rs, ,to die silvering 
apartment. ^ « 

The last process used in a plate-glass manufactory is 
that which is called Hiving. This, in common widi 
the greater part of the operation connected with this 
branch of tlie art, is simple, but requires practice and 
dexterous management for its proper performance. The 
application to, the posterior surface of mirrors of some 
substance that wi^ accurately reflect the rays o^iighi 
falling upon tllem, is absolutely necessary tef render 

p 



210 


c 

GLASS MANXTFAOTURB. 


CHAP. VI. 


them useful. The substance which has been found to 
to answer this purpose best is mercury ; which is it can- 
not be applied alone in its fluid state, is, by a partial 
amalgamation, previously made to adhere to the surface, 
and afterwards \o incorporate itself witli the substance 
c of a very thin leaf of tinfoil. • r 

Th6» operation is thus conducted : — perfectly flat 
and smooth slab of thick wood, or of stone, somewhat 
larger than any plate which it may bc' required to silver, 
must be ehclpsed w'ithin a wooden fraipe open at the 
top, and ha\ing a ledge'a few inches deep round three 
of its sides. The bottom of thi^i frame is provided 
with a channel ter collect the surjdus mercury, and to 
convey it to a vessel placed unrlenieath. The slab is 
fixed on a pivot, 'so that otre o»id may be raised and the 
other depressed at pleasure. 

AVhemit is used, the slab must first he adjusted hori - 
zontally, and covered with grey paper stretched tightly 
over it. A sheet of very thin tinfoil, a little larger 
th&ii the plate to be silvertvl, is then laid Smooth upon 
the paper, and as much mercury is poured steadily upon 
it will remain upon its flat surface. That end of the 
slab which isr unprovided with a leilge is then covered 
with parchment, and Ih.e plate of glass is carefully slid* 
den into the frame, resting the while upon the parchment. 

TIrj art of properly effecting this deposit of the glass 
upon thc^foil poiisists in bolA^ng it, daring 'its sliding, 
in sucira position that will dip into tlv* mercury^ car- 
rying a portion of«ihc metal before it, but without once 
touching the tin in ^ its passagi?. By this means any 
dust or oxi|le which may rest upon the mercury will be 
removed, and (no air-bubbles" will remain between the 
glass and the foil ; while, if the ’tin were touched, how- 
ever slightly, it woijld certainly be torn. 

When the entire *tiurface of the glass plate has? thus 
passed, it is allowed gently to*drop on the tinfoil, and 
to squeeze out the superfluous mercury from between, 
and jfhich is collected in the channel already mentioned. 
The pla'te being then covered with a fidek flannel, is 
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loaded alt regular intervals of space with considerable 
weigh ts/and the end of the slab is a little raised, which 
assists the escape of the superabundant mercury. The 
whole reiftains in this situation during the ^ntire day, 
the slope of the slab being gradually increased to fa- 
cilitate the dropping of the mercury. At the end 
of this time, the plate is cautiously taken fr^im the 
frame, carefully avoiding to touch the under side, then 
covered uniformly^with a soft amalgam of tin and mer- 
cury. 'fhe pl^te is then placed in a wootjen* frame, and 
left (luring several days until the amalgam is found to 
be ? o far hardened as to adhere with a great degree of 
firmness to the glass : '’in this state not even a slight 
scratch would suffice for its removal. The plate is then 
in a finished state, and fil^ fdr being ftamed. 

The amalgam does not, howTver, acquire its greatest 
degree qf hardnesj; until some time has elapsed ; and 
globules of mercury Avill occasionally drop from mirrors 
for some time even afmr they have been framed. Por- 
tions of th? amalgam are* at time*« detached uhilc'in 
this state, by violent concussions of the air, such as a 
tliunder storm, or the firing of artillery. No patching 
can ever be applied in such a case that wil^ be sufficiently 
Ijerfect to esca])e detection ; but a white seam will in- 
variably be perceptible at the points of junction. 

Although the processes followed in hlowintj plate glass 
are, m most respects, similar to those used in fashioning 
• broau glass, smie difference is yet observed ; wnich, in- 
deed,* is occasioned as much through the increased bulk 
and weight of the masr. under op^Tation, *s on account 
of any real difference in the coniposirioii of,Jthe fabrics ; 
only a very short account of the process can therefore 
be required. 

The first instrument used is a li^ollow rod, agreeing 
in ev^ry particular, except its size, with that used for 
forming flint and crown glass. This rod is full six 
feet in length ,.and two inches in diameter ; made smaller 
at the end to which the breath is applied, and wjhlened 
at tile extremity upon which the glass is gathered. It 

p 2 
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is necessary to take up a considerable weight •©£ glass 
upon this tube ; and some management is required in 
order to effect this. When the workman has gathered 
all that win adhere by turning the end continually round 
in the pot/ he then withdraws it from the furnace; and 
f holding it over a bucket of wateT_, spijinkles the glass on 
the end of tlie t\ibe, turning it constantly round in hia 
hand. AVhen cooled in this manner^ the glass adheres 
firnqly to the tube, and is rendered by *:hat means capable 
of sustaining greater weight than it would otherwise 
support. The tube is then dipped again into the pot, 
and tlic same process is repeated. 


lY/r, 2i. 



After the third dipping it will hare gathered a mass 
of glass in the shape of a pear, ten inches in diameter, 
and abput twel«/e inches long. This must again be 
cooled 'with sj)rinkling as l)efbre ; and while the work- 
man is at the same time blowing into the tube, so as to 
give a hollow form to the glass, and to reduce it to the 
requisite thickness, the rod must be swung to and fro 
with an alternating raoltion, in order to lengthen the 
shape gf the material ; and this proceeding being several 
times repeated, the glass assur^es the form of ca cylinder, 
the lower end di which is liemispherical. t 


Ftg. SJ5. 



The assistant is then placed ' three feet and a half 
from the ground, upon a stool, whereon are fixed tw'o 
uprigVit pieces of we»od, with a cross piece of the, same 
materia], for the purpose of supporting the tube with 
the glass. These are held by the assistant in an oblique 
positi^, the end with the glass inclining downwards, 
that the workman may be able, with anSron punching 
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instrumeijt and a mallet, to drive a hole through the 
<^entrc of the hemispherical end of the cylinder. 


Ftg. He. 



The glass now is subjected to examination ; *and if 


found sufficiently Jree from imperfections, is held at the 
aperture of the furnace during seven or eigjit minfltes 
to heat it again*thoroughly. W^iile thus •held, the rod 
is supported in its horizontal position by a small iron 
trestle placed before the^orifice of tin; furnace conveni- 
ently for that purpose. Tlie glass being thus sufficiently 
softened by heat, the assistapt is agayii mounted upon 
the stool ; and resting the tube mp*on the wooden cross- 
j)iecc, twirls it round, while the workman insinuates a 
pair of large broad shears which are pointed af the end, 
into the hole previously punched. This is gradually 


IVgf 27. 
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enlarged, until the glass, througii its whole length, and 
except at the part -where it is atta(;lied to the tul)e, has a 
cylindrical ^forra. ^ * 


Fig, 28. 



The tube is then again rested on the trestle, and the 
glass is re-heated at the furnace, when “the shears are 
used to cut the cylinder through half its length, begin- 
ning at the open end, and proceeding towards the point 
wherB it is attached to tl}e tube. 


Fig. 29. 
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The next proceeding is to take a pontil, ah instni- 
ment already described as being a solid rod of iron of 
smaller diameter than tlie tube, from which last the 
glass is nQjv to be transferred to the pontil. Tliis differs 
from the instrument used for the life purpose in making 
♦■flint glass, by having an iron cfoss-irece, twelve inches 
in length, placed across its extreme enil, and forming 
with it the letter T. The pontil being thoroughly 
heated at the end, a quantity of raeltetl glass is gathered 
from the pot vpon the cross-piece, which being presented 
to the diameter of the cylinder, the two cohere speedily 
and firirdy together : the hollow tube is then discon- 
nected from the glass in the mariner already described. 


FiSi SO. 



The pontil with the cylinder is now rested on the 
trestle, and presejnted to the furnace, that tire end which 
h^s hitherto been attached to the tube may in turn be 
heated and subjected to the same processes as have just 
been effected with the other end .* the extremity is 
opened by introducing the shears so as to complete the 
cylinder {fig, ‘il.) ; and; then after a fresh heating the 


Fig. 31. 



workman tuts throilgh the remaining half of the length 
of the cylindv?r ii? a bnc with ..nd joining to the cut 
already mentioned, so that the cylinder is divided on 
one of its sides ihrough its entire length. 


Fig, 32, 



The glass is then placed with the cut fide upwards 
upon an iron shovel ; it is separated from the pontil, 
and immediately removed to the hottest part of the 
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annealinjif oven^ where it gradually becomes again heated 
to redness. Advantage is then taken of the softened 
state of the cylinder to open it, by the help, of an ap- 
propriate 'iron instrument, lifting up and turning back 
the cut edges of the glass, until the ^hole^is flattened 
upon the heartli ^f the annealing oven. A small iron^ 


J’lV. 33. 



rake is then emjdoyed to push the plate along the floor 
to the end of the oven ; •an*d when this has been filled 
through a vSiiccession of operations such as are here de- 
• scribed tlie door ijj stopped and cemented. All further 
processes are in every lesjiecl the same as are followed 
with jjlatcs that have been cast. ^ 

The great size and weight of the glass render 
operations exceedingly laborious, so that a man and his 
assistant can hardly^ do more than make one plate^in an 
hour, nor can they continue their labour longer than six 
hoiiru, resting during an equaL space before tliey resume 
their toil. 

Plates which are blown cannot properly be made above 
forgr-fivc* or at most fifty, inches in lepgth,,and witli a 
proportionatw breadth. They have sometimes ^een made 
larger, but arc then too thin to admit of their properly 
bearing the processes tf grinding aiuj polishing, and are 
l)estdes liable to warp, ^wliich of course ^Icstroys their 
value '^^hell employed as mirrors. • 

It was long since dbserved, that by exposing plate 
glass to the solar rays, it is made to acquire a violet or 
purple tinge, and this so rapidljT, that the alteration is 
clearly discernible at the end of' one or two years. Some 
plates, originally colourless, which had thus become 
tinged, having J)een broifl|:ht under the notice^of Mr. 
Faraday, he^as induced to experiment upon tlie subject. 

F 4f • 
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For this purpose, he procured tliree different pieces of 
plate glass, ivliich were tinged so slightly as to ai)pear 
altogether colourless, unless when viewed through their 
edges. Each of these pieces was broken intof two por- 
tions, one di which was wrapped in paper, and set aside 
jin a dark place; while the portion froi%which it had been 
separated was exposed to the air and the light of the sun. 
This exposure was commenced in the month of January; 
and in the following September a comparative examin- 
ation was niade. 7'hc pieces from which, the light had 
been excluded exhibited no sign of change, while those 
which had l>een exposed had, in tins short space of eight 
months, acquired so considerable a degree of colour as 
would, under other circumstances, have created a doubt 
regarding their ori^nal identity. 
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CHAt. VII. 

ON THE COMPOSITION OP ARTIFICIAL GEMS. 

c;rfat intf.rk.st foiI^eklv A-TTACHFR to this subject. HIP-* 

FFllENT t'OMPOblTIONS FOR ARTIFICIAL GEMS. ufoUE OF 

rilEPARATJON. noCK CRrSTAI. FORMERLY EMPtOYEO. 

NOT SUrERIOU T(J«>ANH. — HIAMON'I) PASTES. SELECTiqiN OP 

various pastes for imitating DIFFERENT GEM». REASONS 
FOR SUCH SELECTION, • * 

A VKUY considerable portion of every treatise on glass- 
makingj wli’icli was in tJxistence a century ago, and which 
comprises nearly the whole of what has ever been pub- 
lished on the subject, was«ilet’oted to tlte art of composing 
factitious gems. A great deal of mystery wouhl seem 
•to have been affected upon this subject on the part of 
the manufacturers, each one of wfcom was, or pretended 
to be, possessed of some secret recipe, which he thought 
superior to* all others for tlie composition of thefte 0 M 119 - 
raents. 

A corresponding ^anxiety to acquire a Ivnowledjge of 
these mysteries being evinced on the past of the public, 
the authors above alluded to, so* far acquiesced in this 
feeling as to load their writings with one receipt after 
another, in almost endless succession, and in following 
whkh the* artist was assumed, that he mjght successfully 
rival nature in the production of these much-admired 
ohjeets. • • 

The greater part of the coinposij;ion» thus recom- 
mended, if indeed they were ever used, hjve long since 
passed hito neglect ; and it will not beaiecessary, in the 
present day, to insert m©re than a very few directions on 
tlie subject, whicti are given upon the authority of 
M. S'ontanieu, as being weU qualified, with the addition 
of various colouring matters, for' counterfeiting precious 
stones. ^ 

No. 1 . is coipposed of 20 parts of litharj^e.^ 12 of 
silex, 4 of nitfe, 4 of borax, and 2 parts of white arsanic. 
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These ingredients should be fritted together in a crucible, 
and afterwards melted, in which state the whole must 
be poured suddenly into cold water. Any portion of 
lead which may have been revi^^ed in the metallic state 
will then be apparent and must be separated. The glass 
*»may then be remelted for use. ‘ 

No. ^2. For this composition, mix together 20 parts 
of ceruse, 8 of silex iii powder, 4 of carbonate of potash, 
andr2 of borax. Wlien these are petfectly melted, the 
whole should lie poured into water, and then remelted in 
a clean crucible, in the same manner as No. 1. 

No. 3. consists of It) parts of minium, 8 of rock 
crystal in powder, 4 of nitre, and 4 of carbonate of potash. 
These ingredients must be melted and rernelted in the 
manner already described necessary with the pre- 
ceding mixtures. 

No. 4. differs essentially from tlic three foregoing 
combinations in being without any portion of lead. It 
is made with 24 parts of borax, 8 parts of rock crystal, 
aral 8 of carbonate of potash. The rock crystal, previous 
to its use for this purpose, must he reduced to a state of 
great purity, by fusing it with an excess of alkali, and 
then ])reci pita ting it by an excess of acid, in the form of 
an impalpable pow^der. 

No. 5. The processes necessary for the production of 
this spi-cies of glass are much more complex than the 
preceding. In the first jdace, 3 parts of alkali are be 
fritted with 1 part of rock crystal, which mixture must 
then be dissolved in water and saturated with dilute nitric 
acid. 7’he silex whirh is precipitated by tliis means 
must then be edulcorated and dried, when it wdll appear 
in the form of ‘a very fine impalpable powder. Two 
parts of this must be melted in a crucible with 3 parts, 
by weight, of the best ceruse, and the glass which results 
muse be poured into water. Break this down and re- 
melt it with one twelfth of its weight of borax, and pour 
it again into wHer. If this last product ’“s once more 
melted^ with one twelfth of its weight nitre, the result 
will be a very fine hard glass, having an extremely 
beautiful lustre. 
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The length of time required for fusing hard glasses 
or pitfites is at the least twenty-four hours. The. process 
herein directed, of pouring the meltetl glass into water, 
and then lemelting, is found to be of considerable use in 
thoroughly and intimately mixing the* ingredients to- 
gether. « ’ • 

Of the foregoing compositions. No. 1 . will be found 
extremely fusible, on account of its considerable pro- 
portion of fluxing^aterials. It calls for the employsnent 
of the very best description of cruciblqs^*in order to 
withstand, for the requisite time, the corroding effects of 
the mixture. If any kind of glavss into the composition 
of whicli learl has not Entered, is ap}>lied to and melted 
on the interior surface of the crucible, so as to line it 
witli a perfect glaze prefious tq use, the evil just men- 
tioned will be materially remedied. 

* In onder to niakp a perfect glavss, which al the same 
time shall be sufficiently workable, 2 parts of silex re- 
quire from 3 to 4 parts, by weight, of oxide of lead; 
but a somewhat smaller quantity of the latter* may 4)0 
used, if the deficiency is made up by tlje addition of 
some other fluxing jnaterial : the glass in this ca§e will 
prove both hard and brilliant ; and, when properly set, 
will exhibit a much nearer imitation of the diamond than 
most other vitreous compositions^ 

It was formerly imagined by artists who Wrought 
tlie^ artificial gems, that if the glass employi^d by them 
had for its basis rock crystal, rather than sand^ flint, or 
any^othcT mineral of the like chara(?tcr, the Jesuit was a 
much harder glass than ordinarjfc. This*idea, is, how- 
evef, wholly without foundation ; for wlign the crystal 
has on(fe been fused through the admixture of any kind 
of flux, the hardness 6f the mineral will be irrecover- 
ably lost, as this quality depends altogether upon its 
natural aggregation, which, in sdeh case, is necessarily 
destroyed. 

Rock cry,f;tal is, perhaps, somewhat^urer than most 
other siliceous s\jhstances, some of which contain jminute 
traces of ir<Si^ and which may possibly impair* the 
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beauty of some colours which are imparted to glass. 
The same means as are used to render flint friable, are 
employed for that purpose ‘with rock crystal : this 
should on' no account be ground in metallic v&sels. 

Some artists have succeeded, to a certain extent, in 
producing a very fine, hard, brilliant, and colourless glass 
paste, ill imitation of the diamond, and have even given 
to this a very considerable play of light, or, as it is 
technically u?rined, water ; but it has not been found 
practicable to compound^ any vitreous substance which 
could for a moment deceive the eye of any person accus- 
tomed to witness the superior brilliancy of real gems. 
The best of these mock diamonds require, indeed, the 
aid of artifice in the mode of their setting, to render 
them in any great de!5]^»*ee ornamental. M. Fontanieu 
recommends his glass, No. 1., described in this Chapter, 
as being better qualified than any other for making ar- 
tificial diamonds. 'J’o bring this glass to such a degree 
of brilliancy and ''learness as will prove at all sjatisfactory, 
itMiiust De retained in a state of perfect fusion for a con- 
siderable spact*. of time. 

- Loysel recommends, for the same purpose, the em- 
ployment of a (lift‘erent composition, the result of which 
will be a glass, having the same sj)€cific gravity as the 
white oriental diamond^ and for this reason better imi- 
tating fnat resplendent substance in its refractive and 
dispersive power i. His recipe is as follows ; — 


White sand purified by being washed 
first in muriadc acid, and after- 
wards in pure water, until all 
traces of the acid are rciVioved 
Bed oxide of lead (miniumi) 
Calcined potash 
Calcined borax 
Oxide of arsenic ’ 


100 paits. 
150 

sa to S5 
10 
1 . 


This compositioti is easily fusible at a moderate heat; 
but like that proposed by Fontanieu, requires to be kept 
in a melted state for two or three days, to perfect the 
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refiningj, and to cause the dissipation of Ihe super- 
abundant alkali. 

The same author has fmmished the following receipts 
for the fOTmation of pastes, qualified, upon die addition 
of approbate colouring materials, for. the imitation of 
various gems. The remarks already made as to the 
length of time r^uire'd for the due preparation of the* 
diamond paste equally apply to these compositions : — 

WHiite sand,*purified in the manner * 

pointed out in the preceding re- • 
ceipt 100 parts. 

Ked oxide of lead 200 

Calcined potash, and nitre, of each 20 to 25. 

The specific gravity of this glass, water being 1, will 
be 3-.9 to 4. • * , • * 

^ White sand, prepared in the manner 

before mentioned • ‘ 100* parts. 

Red oxide of lead 300 

(Calcined potash * 5 to^ 10 

Calcined borax * 200 to S05.^ 

The specific gravity of this compound will vary from 
3-3 to 4. • 

• 

White sand, prepared as qbbve 100 parts, 
lied oxide of lead 250 

(Calcined potash * 1 5 to 20 

Calcined borax • 25 to 30. * 

^Aii s will Ij^ve a greater specific gravfty varying from 
4 to«4*5. • . . 

Ip making his selccfion betwedi oife or other of these 
pastes, jhe artist should»be guided by theit various spe- 
cific gravities, choosing^ preferably that glass which is 
nearest in this respjct to the particular gem which he is 
desirous of imitating ; and this, ^not with the view of 
^ovtding liimself with agi additiojial means of deception, 
but because, the refractive and dispersive powers of dif- 
ferent trans|)tfrent bodies being deterftiined by their 
comparative ^'eights, the resemblance will, by 4uch a 
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selection, he rendered more perfect to the eye. To one 
simple test, that of their hardness, recourse can be had 
so easily, that every one may^, with very little previous 
instruction, ascertain for himself the genuineness of any 
gem that io offered to his notice, ' without any appre- 
^hension of being deceived. 
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CHAP. VIII. 

ON THE MANUFACTURE OP GLASS FROM CALCINjgD BONES. 

■PIIEI'A RATION' OF RONES. TIIE/R VITRIFICATION. TROCBSR 

KNOWN TO BFCHKj^ CONCKALEl) HV HIM. — CURIOI'S SUO- ^ 

GESTION AS TO ITS FMFLOYMENT. THIS GLASS HJGllLflr ELEC- 

< TKIC WHEN NFWI.Y MADE. 

Class may be made from calcined bones by digesting 
them during two or three days with half their weight of 
sulphuric acid, evaporating to dryness, and washing the 
residue in nnany different waters, until all the soluble 
matter is exhausted. The production of this effect is 
known by the water havijigmo loi}gei*a yellow tinge. 

'fhe diffeient waters thus use?! must then be brought 
together and evaporated to afforil a solid ex^fact. To 
separatc*the sulphate of lime contained in this, the ex- 
tract must he dissolved in the least possible quantity of 
water, and filtered: the s^lt will then*remainj,on Jj^e 
filter. * This extract may he mixed with powdered char- 
coal, and distilled for the production of plufsphorus ; but 
if, instead of tlii.s, if be placed in a lar^ crucible*, and 
the fire is urged, it will at first swell considerably, but 
ere long will again settle, and at that instant the glass 
is made. This is white, and of milky colour. * 

These directions are tJken from the System of Chfe- 
mislfy of M. Chaptal ; who tells us that*befofe -his time 
Beol^pr was perfectly well acquainted wdth the use to 
which bones could thus^he applied^ but thaj he concealed 
the process, on account of the abuse, wliich, according to 
his apprehensions, miglft be made of and to which 
he plainly enough allude^ in the words — “ Honio vitrura 
est, et in vitrum reuigi potest; sicut et omnia animalia.'’ 
This author was, nevertheless, led«to express his regret 
that the Scythians, whcf drank from disgusting skulls, 
were not acquainted with the art of converting them 
into so cleahjy a substance as glass ; — and he also 
showed the j^ssTbility of forming a gallery of faigily 
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effigies, moulded from glass, the produce of the identical 
bones of the originals, in which the likenesses might be 
preserved as truly as they now are by the limner. M. 
Chaptal adds, that a skeleton of nineteen pounds* weight 
may be made t» yield five pounds of tliis phosphoric 
glass. 

Newly made glass of this description wiU emit very 
strong electric sparks, which will fly to the hand at the 
distance of two inches ; but tliis property ceases after one 
or two days, however carefully the glass may be pre- 
served from contact with the atmosphere- The sub- 
stance is in fact phosphoric acid which has beep deprived 
of its water, and v;hich if not carefully preserved from 
the atmosphere it will again imbibe, beemning • deli- 
quescent. It has an acid taste, and is soluble in water. 
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• CHAP. 

ON THE Ul^ MADE OF THE BLOWPIPE^ AND Olft VABtOUS 

SMALL MANUFACTURES OF g£aSS. * 

• . 

THERMOMETER TUB£$« MODE OF GIVING TO THEM AN KLLIP-* 

TICAl. ROKE. BLOWPIPE AND APPARATUS DEBCRlBElf, — MA- 
TERIALS USED. METHOD OF WORKING. SEALING TUBES. 

BENDING AND JOINING TUBES. BULBS. —SPUN QLASg. — 

WATCH-GLASSES. — LUNETTE GLASSES. — GLASS IRADS. — MA- 
NUFACTORY Al^MURANO. STRlPy) TUBER. ^lODE OF FORM- 
ING BEADS. SORTING THEM. NUMEROUS KINDS OF BEADS. 

MOCK •PEARLS. MANNER OF THEIR INVENTION AND 

^0RMAT10N^ DIAL PIATES. — HOW FtiRMED. LETTERING 

AND FIGURIKO. 

• 

A considerable number of articles are made of glass 
yritli the aid of a lamp and blowpipe. The pyncipal of 
these arficles, such As thermometers and barometers, are 
formed from tubes which arc made at the glass-houses, 
of difPerent bores and substs^nces, by drai^ng out 
and while soft with heat, a thick and short tube into 

one that is thin and long. * 

« • 

Fig* 34. • 
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The method of performing this process is^ to gather 
the necessary weight of glass upon the rod ; 'anch tliis 
glass having been elongated and hollowed by the work- 
man's breath in the usual manner^ a punt is attached to 
the end of \he cylinder opposite to the rod. The work- 
cman then holding the rod and his ^assistant tKe punt, 
each jifoceeds in a direction opposite to that taken by 
the other, by which means the tube is elongated in the 
necessary degree; and being then npide to rest uj>on 
billets of v^od placed horizontally and parallel to each 
other at equaf distances 6n the ground, it speedily cools, 
and may in that state be readily cut into ,coi?vcnient 
lengths. ‘ • • 


35. 



Whatever may be the original form of this tube and 
of its perforlition, it is found that the same form will 
be relatively continued throughout the entire length to 
which it is Jrawn out. If its perforation be at first 
cylindrical, it will so continue,’ whatever degree of length 
and ruinutencss it may be made to assume; and an equal 
sumeness will be found to ac#^,mpany the piDlongation, 
if any other form be origintdly given to the orifice? 

A method . has , been suggested by Sir. Wilson, of 
Glasgow, to Vender the mercury in a thermometer tube 
easily observable* wiftiout incurring the inconvenicncies 
which attenh a^ large bore. T'his method is fopnded on 
the property above mentioned, ^nd which is indeed com- 
mon to ajl ductile substances.* Mr. Wilson proposes to 
form the tubes within elliptical perforation, which when 
drawn out will form a. mere slie, the flat side of which is 
to be turned towards the observer. It does not appear, 

* Fy a beautiful scientific application of this principle, see Lardner's 
M^hanics, Cab. Cyc. p. 9. art (12.) S.. 
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howevery that these tubes have come into any extensive 
use. • 

This elliptical bore is caused by flattening, in the ne- 
cessary degree, and before it is drawn out, the short thick 
tube aJre^y described ; restoring thAi ifs external 
cylindric form by coatii^ it over with a further portion* 
of melted glass, and rolling it on the iron slab, represented 
(fig. 5. Chap. IV.) in the foregoing description of the 
processes pursuedfin blowing flint glass. * , 

The apparatus usually employed by thoffe who un- 
dertake this branch of glass-working is extremely simple. 
The table -is substantially made, and has fixed at its 
bottom a srrfall double-blast bellows, worked with a foot- 
board, that the artist may himself govern its action, and at 
the same time have both his hands at liberty for the other 
operations which he has to conduct. A pipe, proceeding 
from the bellows, conducts the blast of air to the lajpip, which 
is usually nothing tut a bundle of coarse cotton thread, 
placed in a common tin vessel of a horse-shoe shape, the 
flame beinff fed with luii^s of tallow Tieaped up 
intermixed wdth the cotton. A small chimney is hung 
over the lamp, and at a short distance frofii the flame, 
to carry off the smoke, vrhich otlicrwise ^\puld be incon- 
venient to the ’^rorkman. The, blast pipe is so placed 
and directed that it throws off the jet of flame from the 
lamp in a direction contrary to 'that occupied by the 
workman, so that all anno)%nce from this spurce^is equally 
avoi(Ted. ^ * 

Tv^o or three very simple iron tools, as files, 

forceps, scissors, &c., ^ake up tj^e rest of the glass- 
worl<i,‘r's apparatus ; while his materials ar^ mostly con- 
fined to an assortment of lubes having various bores, and 
composed of difterent thicknesses of glass. When em- 
ployed in making toys or ornaments of glassj^ tubes of 
variogs colours are provided by the* workman : these are 
easily pa-ocurable at any glass-hou?>c, a good stock of all 
kinds of tubing being generally kept by the makers. The 
flame, when mo^t strongly urged by the blowpipe, is 
about four inches long, having its end of a bluht roiyid 
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form ; its colour^ in the part nearest to the wick, is of 
clear light blue, and beyond this of a pale yellow, 
the blue portion having by far the greatest heating 
power, • i 

In proc&ding to work, care must be taken to remove 
•all moisture from the tubes, botii witVi*' and on the out- 
side; they must be heated gradually, to prevent their 
cracking; and the greater the thickness of the glass, the 
mone necessity there is for caution on t!iis head. Glass is 
so imperfeef a^conductor of heat, that where utensils made 
with it of any considerable thickness have fire applied to 
them, it is difficult to prevent an unequal degree of ex- 
pansion, which induces that corrtjsponding inequality of 
pressure among the different parts under which some 
will inevitably giv^ way and fly asunder. It is for this 
reason tliat glasses intcndetl for use in chemical labora- 
tories caik hardly be made too thin, or wdth too great 
attention to the equality of their substance, so that heat 
may be quickly^ and uniformly transmitted through the 
iposs. • o ^ 

Glass tubes should be first heated by being held in the 
flame of the lamp, without employing the blast of air ; 
they should next be brought to the yellow outer edge of 
the flame when urged by the blowpipe; and, lastly, the 
fusion must be completed through bringing the glass by 
slow degrees within the hottest part of the flame. 

‘*The pqwer ^f a blowpipe, such as is usually em- 
ployed For these purposes, is sufficient foiv bringing to a 
white heat a ^olid Kimp of glass large enough to fc.rm a 
bulb which will three flpid ounces; a size much 

larger than gan he required for purposes to which the 
lamp is usually ^applied. 

It may be w'ell to describe briefly one or two opera- 
tions, such as are usually effected by means of the lamp 
and blowpipe ; fronf which will be made apparer^t the 
great facility wherewith this seemingly refractory sub- 
stance can be moulded, through the agency of heat, 
according to the will of the workman. 

?f It be wished to seal a tube hermeticfily, that is, to 
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close it Effectually at the end by causing the intimate 
unioh of its particles, it will suffice that the part be held 
during a short time in the'flame, turning the tube round 
with the ftngers so to occasion an e<^ual §ceion upon 
every part : by this means the end will presently be so 
far softened, or paatially’fused, that the particles will fall* 
in and run together ; thus effectually closing the*orifice, 
and producing the appearance of a small button at the 
extremity. This* operation may he hastened, if, when 
the glass is rendered soft by heat, and before any fusion 
has ensued, the parts are brought into contact towards 
their comiApn centre by means of a stout iron needle. In 
some cases, and particularly when the tube is of any 
considerable substance, the button thus formed on the 
end would be inconveniently large, and might besides < 
either fly in cooling, or be accidentally broken. This 
*can be remedied by lessening, in *the following manner, 
the quantity of glass whereof it is composed. 

The end being softened in the flame «f the lamp, and 
anotHfer piece of tube of th(f same size having been equSTly 
acted upon, the two ends are to be brought, together, and 
may, by a very little management, be firmly united. If 
then the* tube which is to be sealed is ftjftened a little 
higher up than the point of union, and the two tubes arc 
pulled gently in opposite directions until they separate, 
tliat which is heated will drawn out with a diminisl^d 
sub‘^ance, and may be easily sealed in ♦he parj that is 
required, the Joined ends and a portion of the sealed tube 
renififliiing attached to the waste piece. • 

1 11 making some kinds of therirnfmeters, Slid for various 
purposes connected with experimental chemistry, it is 
often re*quired to bend, tubes of glass: '\\^ien these are of 
small bore, and their substance is tolerably thick, it is 
only requisite to hold the tube in the weaker part of the 
*flam«, in order to soften it through about one or two 
inches of its length, when it may he slowly and gently 
brought to the shape required. 

Something mare than this is needed if thp tyhe be 
wide and its^substance thin. In order to preserve in 
Q 3 * 
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such case the particular form of the bore, and to prevent 
its being much straightened, or perhaps closed al the 
bend, as it most probably would be if no precaution were 
taken agrfiT\st it,, one en(i of the tube should 'be herme'- 
tically sealed ,• and during the time the workman employs 
*himself in bending it at the required part, he should 
also blftw steadily but very gently into the open end. 
The pressure of his breath employed in this manner, will 
keep the softened part of the tube distelided in the proper 
degree, so that it cannot, collapse during the btni ding, and 
the perforation will be maintained in its original form. 
The closed end of the tube may be readily cut off by 
first scratching with a file and then breaking it suddenly; 
an op€*fation whicji, with a very little care, may be per- 
formed without risk ftfi dividing the tube in any other 
part of its length. 

Two tifocs may be joined togothe'* with tolerable ac- 
curacy by heating their ends in the flame, and ther< 
bringing them into contact; turning them rpund m op- 
posite directions with a screwing motion, in order to 
complete their junction. If it be desired to remove the 
thickened ring of glass which will thus be produced, one 
end of the tube must, then be previously sealed ; and 
when the union has befcii fully completed in the way 
described, and while the glass is yet soft, the workman 
n^ust T)low into the open end,, and gently pujl the tube 
at the point of* junction, until the ring disappears; and 
the whole tube becomes equally cylindrica!. 

In fomting’ hollow^ bulbs at the end of tubes, such, 
for instance, *as are ri'quired in ^making thermometers, 
the following^ process must be used : — The end whereat 
the bulb is to bb formed must be .sealed; and in order to 
collect at this extremity the needful quantity of glass, it 
must be pressed while yet quite hot upon some bard sur^- 
face, by which means that parj is somewhat shortened’ 
and consolidated into a lump. 7’his must then be held 
in the most intense flame of the blowpipe until it is 
quite, wJjite hot; being then removed, and the breath 
applied moderately and steadily to the open end, and 
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keeping J:he tube in the mean while with the heated end 
han^^ing downwards, the lump will be enlarged into a 
spherical bulb, the diamefer, and consequently the sub- 
stance, oi which c^n be regulated accorejing to the 
pleasure of the workman. 

It has been already ^mentioned that glass maybe spu» 
into very long and minute threads, with great velocity, 
when the mass from which it is drawn ha^ been pre- 
viously heated. For this operation the use of the blow- 
pipe is require:!, and the manner of its 4 )c{’formance is 
very simple. • 

The lulnp of glass being sufficiently softened by the 
flame, another piece of glass is applied to it, when the 
tVh), cohering together, and being then drawn apart, are 
seen to be connected by ihinute filaments. A fine thread , 
being thus obtained, its end is applied to a wheel or reel, 
and the heat of the glass being maintainetlj while the 
wheel is turned with considerable \elority, a thread may 
be drawn continuously out as long the workman 
plea^^s, oruiuil the store bf glass is wholly expended. 

7'he thread thus made is extremely flexible and deli- 
cately fine. Its fiumness depends in a great n^easure « 
upon the heat whereat the glass js mainlined, and upon 
the velocity wherewith the wlicel is turned : the greater 
these arc, the firmer will be the .thread. 

(ilass is only treated ij| this manner in order to Afford a 
pleasing exemjdification of some of its prope;rtio«, or for 
purposes of Ornament. When it is tlesired to produce 
colcAired threads, the material emplbyed'%ih»uld be em- 
bued with a very deej» tint, as, when.drawn out in such 
mifiute filaments, it ^ould otherwise appear nearly 
colourless. • 

The preparation of watch-glasses involves a series of 
simple but interesting processes.* Only a part of these 
is performed at the glass-house ; the remainder being the 
objects of a separate, and, when viewed wdth reference to 
its extent, by no means an unimportant branch qf trade 
and manufacture. • 

Q 4 * 
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All that is effected by the glass-blower is the pro- 
duction of regular hollow spheres^ each being eight inches 
in diameter^ and weighing twelve ounces. 

It is a circumstance, perhaps, not the least^deserving 
of notice, iit detailing the operations of the glass-house, 
Jhat the men employed to gather glas% from the pots for 
this and similar purposes, upon the end of the hollow 
rods, attain through constant practice so much pro- 
ficiepcy as* to bring away with the tgreatest accuracy 
exactly tlie Quantity that is needed for the formation of 
the required object. such a degree is this correct- 
ness carried, that, on weighing many dozens ’of spheres 
such as have just been described, not one has been found 
that varies half an ounce from the proper weight. 

The blowing of these hollow 'globes is performed witli 
' great celerity. Owing to the circumstance that the glass 
of Tvhich tl^ey are composed is exceedingly thin, so that* 
their cooling, although rapid, is also effected with con- 
siderable regularity through their substance ; and because 
in l^ie further progress tow'arcV> their ultimate form' they 
are again to be softened by heat, tliese globes are deli- 
vered to the w'atch-glass maker as soon as they are blown, 
and without passing through the annealing oveni. 

The first operation performed by the last-mentioned 
artist is to divide each sphere into the largest possible 
number of sections of the requisite size; it beiiij^ manifest 
any^errors committed at this stage of the proceejjing 
would, by wasting his material, place the manufacturer 
at a disadvjvitqg«e. - 

In proceeding effect this di* vision, the workman 
seats himself ; and taking the globe in his lap, with a piece 
of heated wnre or tobacco-pipe, (which last is perhaps 
chosen preferably, because it longer retains a sufficient 
tlegree of beat,) he traces a line upon the globe, and 
quickly thereafter wetting the line thus traced, the glass 
wdll crack and divide aUmg the line with the most ad- 
mirable precision. The sections thus ol^ained will 
necessarily have many angular irregularities : these are 
dext^mbsly clipped away by means of sciss&rs. 
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The segments into which the individual pieces have 
now' been cut, will be wanting in the requisite degree of 
convexity. Before this dkn be imparted to them, they 
must havA their brit^^leness removed, and be qotlsiderably 
softened by heat. When this has been effected, taking 
an appropriate instrument in each hand, and using thenf 
much in the same manner as the dairy-maid Employs 
her wooden spoons in raising a pat of butter, the work- 
man presses the edges of the glass regularlj^ in towards 
the centre, which is by this means mack to rise in a 
corresponding proportion. The edges are then ground 
evenly and the watch-glass is ready for sale. 

Lunette, glasi;es are differently made. These are not 
segments of spheres, but have their edges abruptly raised, 
and their interior areas dr faces, flattened. In forming • 
these lunettes, a much smaller quantity of glass is ga- 
Yhered from the pot than is required in Wolfing globes 
for ordinary watch-glasses. A hollow pear-shaped figure 
is then blown, having the larger end, which is farthest 
from the extremity of die fod, of the size required fdP<i 
watch-glass, and the requisite fiatness is occasioned by 
pressing this end, while soft, upon any smooth, level 
surface. " • 

These glasses arc necessarily much higher in price 
than those more commonly used for watches ; both be- 
cause they are made to cqjntaiii a greater weight of gl^, 
andiiecause, only one form being cut from ettC^f*hollow 
pear-shaped figure, the labour expended in tlie manu- 
facture is proportionally greater. * • 

• • . • 

A* very considerable . manufacture of ^lass for the 
format! dn of beads is carried on at a place called Mu- 
rano, situated near the city of Venice. There is nothing 
peculiar in tlie composition of the ^lass made use of for 
•diis purpose, nor in the«mctliods employed for its pre- 
paration ; and although the manufacturers affect great 
secrecy as to* the colouring substances which they mix 
with this glass, is not likely that they possess ai\y real 
advantage ovft others in this respect, or that they have 
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made any useful discovery of materials different from 
those commonly employed in colouring glass. 

When upon inspection the colourerl glass is found to 
be in a fit.statq for working, the necessary Quantity is 
gathered in the usual manner upon the rod, and is blown 
‘'into a hollow form. A second workvnan then provides 
himself with an appropriate instrument, with which he 
takes hold of the glass at the end which is farthest from 
the ‘extremi^ty of the rod, and the two men running 
thereupon exj editiously in exactly opposite directions, 
the glass is drawn out into a pipe or tube, in the man- 
ner of those uscd^ for constructing thermometers, the 
thickness of which depends upon the distance by which the 
men separate thenjselves. \\"hatever this thickness may 
bo, the perforation of the lube is preserved, and bears 
the same proportion relatively to, the substance of the 
glass as was originally given to it by the blo\.'er. lit 
these particulars the workmen of course govern them- 
selves according to the size and description of the beads 
wKicli are to be made. The glass-house at Murano is 
provided with a kind of gallery 1 .50 feet in length, and 
which much resembles a rope-^vall:, ■wherein the tubes 
are drawn out fn the manner here described. 

l^ubcs striped with different colours are made by 
gathering from two or more pots lumps of different co- 
lanred glass, which are united »hy twisting them together 
before 'tjiey are'drawm out to the requisite length, 

As soon as they are sufficiently cool f(ft the purpose, 
the tubes areVlivided into equal lengths, sorted according 
to their colours and k'izes, packed in chests, and then 
despatched to the city of Venice, within which the actual 
manufacture of the beads is con^ducted. 

When they arrive at the bead manufactory, the tubes 
are again very carefully inspected, and sorted according 
to their different dianjeters, p>-eparatory to their ^ing 
cut into pieces sufficiently small for making beads. 

For performing this latter operation, a sharp iron in- 
strum.‘?nt, is provided, shaped like a chl'Ssel, and securely 
ffxld in a block of yrood. Placing the glass tube upon 
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the edge, of this tool at the part to be separated ; the 
wG^'Jfman then, with another sharp instrument in his 
hand, cuts, or rather chip^ the pipe into pieces of the 
requisite size ; the skill of the man beii^g shown by the 
uniformity of size prese/vcd between the different frag- 
ments. • ‘ • 

The minute pieces thus obtained are in the n&t pro- 
cess thrown into a bowl containing a mixture of sand 
and wood ashes, in which they are continually stilred 
about until th& perforations in, the piece* are all filled 
by the sand and ashes. This provision is indispensable, 
in order to .prevent the sides from facing together when 
softened by heat irt the next operation. 

A metallic vessel with a long handlp is then provided, 
wherein the jjieces of glass are •placed, together with a 
further quantity of w^ood-ashes and wsand ; and the whole 
V'ing subjected to hedt over a charcoal fire,* are conti- 
nually stirred with a hatchet-shaped spatula. By this 
simple meays the beads actjjuire their globular foj'm. 

Wlien this has been imparted, and the beads are a^in 
cool, they are agitated in sieves, in order separate the 
sand and ashes ; thk done, they are transferred to*other 
sieves of different degrees of fineness, in*order to divide 
the beads according to their various sizes. Those of 
each size are then, after being strung by children upon 
separate threads, made into bundles, and packedjiii 
caskt for exjiortation. • • 

In this inafiner, not fewer than sixty different kinds 
of glass beads are prepared in vast qiilfntTties. The 
principal trade in these*is carried bn vfith Spain and the 
coast of Africa ; but some portions fincl^their way to 
nearly all parts of the .world. * 

Another anti a more costly description of glass beads, 
made in imitation of pearls, has Ipng been produced in 
*Frar*e. Although the name of the inventor of these 
ornaments has been faithfully preserved, the period of 
their invention is not precisely known. Reaumur, on 
whose assertions ^he greatest reliance may generally be 
placed, states this to have occurred^in 1656. An aAec- 
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dote related by Beckmann* of a cheat successful? y played 
oflf* upon a lady by a French nobleman^ leads to the con- 
clusion that thirty years later^*than the period here men- 
tioned^ these mock pearls were far from bein^ generally 
introduced or even known. 

' The manner of their invention was *chis: — M. Jaquin 
having ' observed that upon washing a small fish, the 
Cyprinus dlhurnus, or bleak, the water contained nu- 
merous fine particles, having the colour of silver, and 
a pearly lustroi, he suffered the water to 'stand for some 
time, and, collecting the sediment, covered with it some 
beads made of plaster of Paris, the favourable. appearance 
of which induced him to manufacture more of the same 
kind for sale. Tln:se were at first eagerly adopted ; but 
the ladies soon fiiiding«that wlien they were exposed to 
heat, the lustrous coating transferred itself from the 
beads to their skin, they were as quickly discarded. 

The next attempt of M. Jaquin was more successful. 
He procured sonic glass tubes of a quality easily fusible, 
adh, by means of a hlowqupe, converted these into nu- 
merous hollov' globules. He then proceeded to line the 
interior surface of these with the powdered fish scales, 
which he called essence of pearl, or essence d,' Orient. 
This was rendered adhesive by being mixed wdth a so- 
lution of isinglass, when it was introduced in a heated 
st^te inside the globules, and ^jpread over the, .whole in- 
terior ^sj^iface, ‘^by shaking the beads which, for « that 
purpose, were placed in a bowl upon the 'lable. These 
hollow beads being blown exceedingly thin, in order to 
produce a better cfftci, were cohsequently very tender. 
To remedy this evil, as soon as the pearly varnish was 
sufficiently dry,' they were filled, with wdiite wax, and 
being then bored through with a needle, were threaded 
for sale. 

An expert workman can blow from five to six thou- 
sand small glass globules in a day ; but, as some attention 
is called for in regard to the shape and appearance of 
these beads, the produce of a man’s daKy kbour will not 

** 4k Hist, of Inventions, vol ii. art Artificial Pearls. 
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much exceed one fourth of that quantity. The closer to 
counterfeit nature in their manufacture, these beads are 
sometimes purposely made with blemishes, and of some- 
what irrejjular forms. Some are made pear#-shaped ; 
others are elongated’ like olives ; and btheil again are 
flattened on one jidej *tn imitation of natural pearls,* 
which are set in a manner to show only one sidew 

The fish whose scales are put to this use are about 
four inches in length. They are found in great*abund|nce 
in some rivers; and, being exceedingly voraftious, suffer 
themselves to be taken without difficulty. The scales 
furnished by S.OO of these fish will not weigh more than 
an ounce, afid this will not yield inofe than a fourth of 
that quantity of the jiearly powder apjdicable to the 
preparation of beads; lo • that , 1 f),T)()0 fish are re- 
quired in order to obtain only one pound of the essenm 
of pear L ^ * 

Tip to a recent period, the heirs of Jaquin, the first 
inventor, carried on a considerable nianu^factory of these 
mock pearlsfin Paris. TIm) fish arc tolerably abuntiei:^ 
in the river Seine ; but their scales are conveyed from 
distant parts in much larger quantities than can be pro- 
cured on the spot, for wliich purpose the^ are preserved 
in volatile alkali. 

The dial-plates of clocks and w^atebes are made of 
opaque wiiitc glass, ivhiAi has acquire^ the^ jUjme t>f 
enamel. Tht^peculiarly delicate appearance of these, as 
well as their oj)aqueness, result from tbp presence of 
oxide of tin. , • • • 

TJjese plates, which arc not of greater jfiameter than 
twelve inches, are made in one piece ; bujt any which are 
required to be larger than this, must be formed in se- 
parate segments, and afterwards joined together. 

• In^thc preparation of dial plate*, the first process is 
that of hammering a thin plate of copper of the requisite 
size upon a ^lightly concave anvil constructed of hard 
wood; for which operation a convex hammer is employed, 
and in this manner the proper state of convexily is 
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parted to the plate, without impairing in any degree the 
smoothness of its surface. 

The centre hole for the hpur and minute hands, as 
well as that whereby the key must he introduced for the 
purpose of winding up the clock or* watch, together with 
^other smaller holes, for the screws by which the dial is 
to be attached to the works, arc all made by passing tools 
of appropriate forms and sizes through the copper, from 
the ^concave side, in such a manner that the metal dis- 
placed in th^ act may form ritlges round the holes on the 
convex side, and be instrumental in retaining the enamel 
to tlie requisite thickness upon the surface, v^hen in its 
state of fusion. For this same purpose, tlie outside edge 
of the plate is hammered up all rounfl, so as to form a 
ridge of the requisite depth ; and provision must be made 
for this rim in the size origirifilly given to the copper. 
The metaljic plate tlius formed is thoroughly cleansed 
by being immersed in a weak dilufton of nitric acid, 
after which it is dipped in pure water, and rubbed 
snjartly^ovcr with a brush formed of brass wires. 

The white enamel is then broken in a hardened steel 
mortar, until it is reduced to fragments about the size of 
fine sand ; and the whole should be lirouglit as pearly as 
possible to the same stpte as regards the size of the 
particles. The pounded glass is then wqshed in very 
clear V'ater, and the Heavier parts having subsided, the 
ref.naining milky-looking liquid is poured off f^nd left to 
settle ill a separate vessel. This operation is seVeral 
times repeqtecp so that the powder may be dividet^ into 
separate portions, Having diftbrent degrees of fineness. 

The enamel being thus sortect and well washed, tlie 
separate portionsj are placed in glass vessels, and nitric acid 
is poured over, so as completely to cover the powders. 
The acid must be left on the enamel during the space of 
twelve hours, the whole being occasionally stirred with 
a glass spatula, in or^ler to dissolve away any metallic 
particles which may have been abraded from the steel 
mortar, and which would greatly impair the whiteness 
of the enamel when subsequently applied nn the face of 
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the plate. The acid is then poured off^ and the enamel 
washed hi successive waters, until it no longer contains 
any acidity ; after which,, it is again covered with pure 
water, and in this state it must remain until used, that its 
perfect wfliteness and purity may be preserved. 

It is necessary to operate upon both sides of th^ 
plate, lest the heA of the enamel, when in a ^tate of 
fusion on the convex side, should alter the curvature of 
the copper, and deform its shape. * , 

The enamel, when prepared in the manner described, 
is first applied to the concave \)r under face; in which 
process thf artist spreads over it with a spatula, as thin 
and as evenly as possible, a portion of the finer settlings- 
A tool which had previously been inserted in the centre 
hole is then withdrawn, entLitsjdgce Supplied with a rag ^ 
of efean linen, which absorbs atl the superfluous water 
/rom the enamel, bringing it to such a st^e of con- 
sistency, that this, which is tailed the counter-enamelling, 
will adhere sufficiently to ^he copper when the position 
of the plate shall be revey:sed. In then proceediiij^ Jo 
operate upon the convex surface, the plate must be turned 
over, a tool being again placed in the cenfl-e hole, and a 
layer of the coarser •part of the pounded^glass thereafter 
applied with ev(*ry possible care as to the evenness of its 
distribution. It is particularly requisite to cover well 
the edges of the dial- plate, as well as those of the dif- 
ferent holes, lest the hfat should after warcl^^ct fbo 
powerfully ujjon the metal. To draw off the sujTerfluous 
moisture from this layer of enamel, *a fir^ li^ien cloth is 
applied round the entire edge, yidiich, iq this altered 
position of the dial, is now its lowest part, and has in 
that respect taken the {ilace of the ceytre hole in the 
counter-enamelling pn)«jess first mentioned. In order 
that the particles may arrange themselves properly and 
^closely together, the tool still ranaining in the centre 
hole*is then subjected to tw’o or three slight concussions, 
and much of the beautiful appearance of the finished 
dial-plate depends upon the neatness with which this 
Operation is j^rformed. If the enamel is evedly fepjead 
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and well packed together^ no hollows will be left below the 
surface when it has been melted^ and the requisite degree 
of smoothness will be attained.* To dissipate any moisture 
which may now be retained by the enamel, the plate is 
dried on a Iheet'of iron over a chafing dish. 

. The dial-plate, thus prepared/is introduced cautiously 
and by-' degrees under a muffle placed in a furnace, it 
being necessary to heat it gradually : in this situation it 
must remain until it is perceived that -the enamel begins 
to melt ; the sheet of iron on which the dial is placed 
should then be turned g6btly round, in order that every 
part may be equally exposed to the heat of the, muffle. 
^ soon as the enanlcl is seen to be perfectly inelted over 
die whole surface, the plate must be withdrawn with as 
much caution and*’'deh'beratenoss as was used upon its 
introduction j and, in order to prevent the cracking and 
scaling off* 1x> which the glass would otherwise be liable, 
the plate must remain for some time cooling very gra- 
dually at the inoutli of the muffle. The necessity for 
thie- delay in the ))rocebs arises from the salne physical 
law which obliges the manufacturer to have recourse in 
larger operations to the annealing oven. 

When this fi^st firing has been completed, die plate 
must be cleaned, as before, with a very weak dilution of 
nitric acid ; and a layer of the finer settlings.'^f the enamel 
is to be spread, in the manner already dcscrilied, over 
tli^ conj^x side. It is not necessary to apply afiy further 
etjsating to the inner or concave surface, uidess upon exa- 
mination any j^art oi* the former layer shall aj)pear de- 
fective ; in which case such part must be made good with 
a further porijoii of the same division of the enainol as 
was used before. ' ^ 

The same precautions that werd observed in the first 
firing for placing the, dial-plate- within, and for removing 
it from the muffle, rfiust be repeated now ; and must 
equally be practised when a third layer, which must be 
of the finest and whitest portion of the enamel, is sub- 
sequently spread over the convex side. When this third 
layer Has In its turn been fused and gradually cooled, the 
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dial-plate is complete^ with the exception of the figures 
or le<;terihg, which must be placed upon the convex side 
to mark the divisiohs of "the hours and minutes, and 
which are^hus applied: — ^ * 

^ A black enamel, wtich is so composed* that it will fuse 
at a lower degree ^f h^at than the white opaque glass* 
already employed, is to be ground exceedingly fitK in an 
agate mortar with a pestle of the same ^bstaqce, and in 
combination with 3il of lavender ; which, as it would of 
itself be too tliick, must have its consisteiye* reduced by 
the addition of oil of turpentine! To such an exceeding 
degree of ^fineness is it considered necessary to reduce 
tliis black enamel for the purpose, tha*t the labour of half 
a day is usually employed in thus grintling a drachm 
weight. A further quamity* of ^he rmxed essential oils 
must afterw'ards be added, that the enamel may be suf- 
ficiently thin to flow readily from .the pencil. • 

The dial-plate is then placed upon some level surface, 
and by means of a pair of compasses, having one of the 
legs blunt af the end and K»unded, so that it wifi freCly 
turn in the centre hole where it is jdaced, jnd the other 
leg provided with a ^^lack-lead pencil, two circidar Jines 
are slightly traced at unequal distances from the centre, 
between which the numerals are to be inserted.' Tlie exact 
position of -^e is determined by means of a sector fur- 
nished with a movable limb ; and the different figurjs 
bein«:|^ drawn with a camel s hair pencil clwrgedrfi'jth the 
prepared blacl* enamel, tliis is left to become perfectly 
dry ii. the air ; and its fusion haviifg af^rwards been 
effected in the muffle, tjie dial-plfjte i» coiApletcd, and 
in a fit state to be placed in the hands of th%clockmaker. 
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ON THE FORMATION OP LENSES. 


PRSPAUATION’ OI TIIF NFrVsSARY TOOLS. — >,^rHOirE OP GLASS. — 

GKIMJINGA POLISHING. GUROLED LENSES. MEANS VSEl* 

roH AVOIDING Tills 


In grinding glasse,s for spectacles, or preparing ’them as 
lenses for optical iiistruincnts, the first thing to be at- 
tended to is to determine the proper focal distance of the 
glass. Taking then a pair of compasses, which, on the 
supposition that the glass is intended to he convex or 
concave on both sides, must he opened to the full focal 
distance; two arches or segments of eireJes, each extended 
spmcv^iat beyond the breadth which it is^ intended to 
give to tlie glass, must be d(*.scribcd upon a picc(‘ of sheet 
copper, whivli must then be filed away from the outside 
of one and from the inside of the other arch. By tliis 
means two gauges are formed, the one convex and the 
other concave, and each perfectly answering to the other. 

If it is intended that the glass .shall he what the op- 
ticians call plano-convex or pkino-concave, tlr.tis, having 
one oT Its sides flat, while the other has received ilie re- 
quisite curvature, the compasses wherewith the arches 
are desciAeif should he opened to only one half the focal 
ilistance. 

Two cirdalar plates of brass, about one tentli of an 
inch, in thickness, and each being of a little larger dia- 
meter than the intended lenses, are then securely soldered 
upon a cylindrical |uece of lead of an equal diameter with 
the brass discsj and pne inch fin thickness ; these', which 
are called tools, are then fixed in the lathe, and turned 
so as to correspond wuth the copper gauges, the surface 
of one -being made convex, and of the other concave. 

^ The two brass discs are then to be ground together 



CHAP. X. FORMATION OF LENSES. 245 

with emf^ry, or with pounded Turkey stone^ until their 
surfaces exactly coincide in every point. 

If the focal distance iS very short, so tliat the con- 
vexity anisl concavity, require to be verJPconsid^able, the 
brass discs should be hammered as nearly as possible to 
their intended forai before they are soldered to the leaden 
cylinders, and turned, otherwise cither the thickness of 
the brasses would require to be inconveniently increased, 
or the more consiucrable portion of their substance, w'hich 
must in such fcase be cut away^ would ocaasion the discs 
to be too thin and yielding. 

The* gl 5 §s of which a lens is comp^osed is chosen with 
reference to the purpose to which it is to be applied, and 
accortling to its refractive and dis[>crsive powers ; its 
selection must be left to tfie distretion of the optician. • 
Its two surfaces should originally be perfectly parallel. 
'Being cut or clipped *11110 a circular form means of 
scissors or pincers, the edge must be smoothed on a 
common gi^ndstone, and the glass fixed by seating one 
of its surfaces in softened ^litch on the flat end ol* a sdlid, 
cylindrical, wooden hainlle of smaller diagicter than the 
glass. The centre «f the axis of this haniUc must co- 
incide exactly with the centre of the glaSs. 

If, to suit a short focal distance, the curvature of the 
lens requiii-!> to be great, it will simplify the labour of 
the artist if, previously^ to its being thus fitted to^ts 
handle, the glass is reduced upon the griisdstoacrus nearly 
as jiossible to*the shape of the gauge. Some judgment 
is, however, iiecessaiy in this jirocess, le^ flie abrasion 
should be carried too Air even in*anylpne Tninute point, 
which would render the glass wholly unserviceable. 

'J^he 'convex form js that which is ^nost commonly 
given to lenses; and in describing the process for effecting 
this, the mode of producing concave glasses will equally 
•be understood ; the only difference between the two me- 
thods being this, — that in the first operation, the concave 
tool and gauge are brought into use; while for the other, 
tliose having a cefnvex form are employed. . 

The whol^^ l^eing thus prepared, the concave tonl k 

Q • 
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fixed firmly on the working; bench ; and having some fine 
emery sprinkled on its surface, the glass is worked upon 
it with circular and cross strokes alternately ; the artist 
being care%l that the centre of the glass shall never pass 
beyond the edge of the tool. 

When by these means the glass has heen so far ground 
that it's surface coincides with that of the tool at every 
point, the emery is to he washed away, and some of a 
finVr kind ^substituted ; and so on through three or four 
different degrees of fineness, until all the roughnesses 
and apparent scratches on the glass are worn down, and 
it has become perfectly smooth to the touch, although 
dull and opaque to the eye : after this it is sometimes 
further ground ^^dth finely pounded pumice-stone. 

At tlie expiration of* every five or six ndnutes, during 
this grinding i)rocess, the surface of the tool is nibbed 
for a short time within the concave tool, that its proper 
curvature may he perfectly preserved. AVhen the oper- 
ation has been coinplcle(l,'the glass is easily sejiarated 
from its wooden handle by means of a tliin knife, and 
the pitch removed by nibbing it with oil. The side 
which has heen ground is, in its*t\irn, fixetl ui>on the 
wooden liandle, and the other side is then ground in the 
«ame manner as the first. 

Convex glasses are frequently prepared for common 
purposes, in another manner^. TIjc concave fc)ol is fixed 
up.on Tde lathe, and the glass being held steadily In the 
hand, and sprinkled with emery, is applied to the tool 
during its revoluiions. For concave glasses, the convex 
tool is fitted to the lathe, and the glass is in like man- 
ner presented to it; but this method, although easier 
and more expeditious, is greatly inferior in its result to 
hand-grinding, and cannot be reported to when any 
thing like perfectness in the intended instrument is 
desired. 

The same brass tool which is used for grinding, serves 
also for polishing lenses ; but before it is tlius employed, 
a smootk thick ^niece of felt must be' stretched over and 
cc^mented to it, a nd the outer surface being then covered 
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with washed putty powder, which is a combination of 
the axides of tin and lead, the tool is worked upon the 
lens with the same motions as are employed in grinding 
it. The consistency of the powder is a point requiring 
attention ; for if it lie too moist, it will'causc the hbres 
of die felt to rise^up .^nd polish, not only the surface,, 
properly speaking, but likewise the innumerable hollows, 
which, notwithstanding all appearances to the contrary, 
are actually left 'n the surface from the grinding. • If 
the lens be subjected to examination in^a*microscope, 
this effect will be rendered fully apparent. The evil 
consequence resulting from this defect is, that the cavi- 
ties being polished, admit the rays of light, and disperse, 
instead of collecting them, as would be the case if the 
surface were uniform. 'A^hen jliis f^ult exists in a de- ^ 
gree so exaggerated as to be visible to the naked eye, the 
•lens is said to be curdled, , m 

An excellent method has lately been adopted by an 
eminent optician in LoneJon, whereby, this defect is 
avoided. Ilces’ wax is hardened to a proper degree^fay 
admixture v/ith dry red sulphate of iron, which has 
previously been carefully washed ; and instead of the 
covering# of felt, this compound is rnclteJ over the brass 
tool. Mlien cold, the casing thus formed is sufficiently 
hardened turned to the required curvature, and 

the tool, when this has been done, is in fit sltite for 
use^ t 

The pecidkr advantage of this compound, as a polish- 
ing substance, consists in its perfect unif^mky ; besides 
which, it has this furjlier recommendation, that if any 
haiTl particles should accidentally insiniyite tlicmselves 
between the tool and the lens, and which, in other cir-# 
cumstances w ould scratch the glass, the wax is suffi*. 
ciently yielding to allow them to bury themselves in its 
• substance, so that all injury of this kind is avoided. 

Lenses which have been thus treated, will bear ex- 
amination with a microscope, their polish appearing 
uniformly clear and defined. 

Convex Ithscs in their simple state have *been ^used 

B 3 • 
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for collecting the heating rays of the sun^ or for forming 
what are called burning glasses. One of the largest 
lenses ever applied to this purpose was made of flint 
glass by 'Mr. Parker. The diameter of this glass was 
3 feet ; its focaf distance was 4.5 inches ; and the cir- 
cular spot of light which it cast at ^he focal point was 
1 inch in diameter. Still farther, and as much as pos- 
sible to condense the rays, Mr. Parker employed a smaller 
lens 3 . l.'J inches in diameter, in conji notion with the 
larger one, .in^l by means of this the beaming rays were 
concentratcrl at the focal point to of an inch. The 
effects produced by this arrangement were surprising ; 
20 grains of pure gold w^ere fused in 4 seconds, the same 
effect was produced on 10 grains of plati])a in .‘1 seconds; 
and a diamond, whose \veight ».ras 10 grains, was found 
to have lost 4 grains after having been placed witliin the 
focus during 30 minutes. ^ 

This lens, wdiich cost 700/., has since passed into the 
possession of the emperor of China. 
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CHAP. XI. 

ON THE PRINCIPAL DEFECTS OBSERVABLE IN GLASS. 

# • 

STttl.® — UENDER GLASS UNFIT FOR OPTICAL PUttfoSES, — 

THREADS RENDER GLASS FRAGILE. CAUSE OF THIS. 

TEARS ONF 01 ' THE GREATEST DEFECTS. RENDER ^LASS 

USELESS. K^OT.S. RUBBLFS. WIIE:NCE TH^ PROCEED. 

DO MOT MUrU AFFECT THE GL'AWTY OF GLAfs. OBJECTS TO 

DK AT'IAysrn for avoiding these m. guinand. — 

HIS JIHMiy.E ORIGIN. F.Nl-KGY OF riJARAC’TER. EXAMINES 

TKLES(M)PES, AND CONSTRUCTS OTHERS. UNABLE TO PROCURE 

GLASS OF GOOD QUALITY. IS INCITPJ) TO EXAMINE INTO THE 

CAUSLS OF INFFUIOKIPV.* *H1S P yTHJbllDINARV PEHSP;VEU- 

ANCE AMIDST ACflDENTS \ND Dl^l'JCULTIES. HIS ULTIAIATE* 

, SUCCl ss. ACClDfcXT LEADING TO rUKTlILB IMPROVEMENT. 

PROSIT UTES HIS jWIT ' iS IL'SAKIA. llFTUKN^rO SWITZER- 
LAND, AND FURTHRK PURSUES HIS FAVOUBITF OBJICT. DIES. 

KUArKNHOlLR. BlSI S •'ROM OHSCUUl’yi BY HIS TALENTS. 

ms SClLf?TIFIC ACQUIRLMfcNTs. PRODUCES SPKilME OP 

riRrhCl' GI ASS. DIES AT AM l.AHLY AGE. KLSPLCT Pjftu 

TO HIS MFAIOUV. • 

• • i 

The principal defects observable in mafiufactured glass, 
are a7fiV/’, thrcad,Sy aiVl knoh\ These, when 

they occur 'to any extent, all impair its beauty, and 
some of^tlicm injure itf^actual quality. Although ^t is 
noP difficult to attain such an amount ^f pitffifiiency in 
th*? ^manufacture as will preserve tlie inamrials from these 
evils in their extreme degree, yet, altogeflier to avoid 
tligir occurrence, and fo obtain f^ass 5f a f crfect quality, 
is a t^sk tliat long, and ivith only doubtful success, has 
engaged the thoughts ^aiid labours of men devoted to 
scientific pursuits. The difficulties that attend the 
attainment of this object are sufficiently proved by the 
facf that, during ten y^ars, om.of the most considerable 
and most scientific opticians in London has been dis- 
appointed ih his efforts to procure a disc of flint glass only 
flve inches m dfameter, sufficiently fitted, by ^he absence 
II 4 . • 
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of defects, to be employed in the construction of a tele- 
scope. ' 

Striae are undulating appearances, perfectly vitrified, 
and equally transparent with any other part oft-the glass; 
they do not occasion any roughness or inequality in the 
surface, but result from a want of congruity in the com- 
positiono of the particles which make up the substance : 
in other words, the structure is not perfectly homo- 
geneous ; and although each differen'i portion may be 
altogether gOod in itself, and the whole ^nass, if made 
up of afiy one of these portions, woulrl be equally per- 
fect in itself, yet, the whole acting withouf any uni- 
formity, the rays of light in passing tlirough them are 
bclit or refracted differently, and the objects beyond ap- 
,pear distorted. 

This condition must exist to # considerable extent to 
be easily drccrnible by the naked eye, or detrimental to 
the quality of glass, when applied to the more ordinary 
purposes of use or ornament; but glass striated in a 
scaicely perceptible degree, is yet wholly inap})licable to 
the construction of optical instruments, where the objects 
they are intended to present to the eye will be many 
times magnified; and where, consequently, eveiy defect 
or distortion that accornp.-nies their transmission through 
the glass will be equally enlarged. Tbc roposed in 
the erhployment of these philosophical instruments, is 
the minutely accurate examination of distant or verj di- 
minutive objects; and this purpose it is evident must 
be completely f. ustrated, by the defect here described. 

The name of threads is usuafy given to fibrous ap- 
pearances in ti^e bo(iy of the glass, wdiich result from 
the vitrificatiifQ c.f clay. Their colour is greener than 
that of the rest of the glass. Threads, if existing in 
great numbers, render the material extremely fragile ; 
and the same effect is produced, if, although fewer in 
number, the threads are individually larger. The cause 
of this increased brittleness is, that the dilatation and 
contraction at different temperatures, of glass which re- 
sults, from the fusion of clay, differ from those of glass 
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made w^th siliceous sand ; for which reason, each in 
turn* exerts a hurtful influence upon the other. 

Tears are, perhaps, thfe greatest defect that can be 
found in ^^lass. Tljey are in fact an exaggelration of 
the imperfection last described, and usually proceed 
from the fusion and vitrification of portions of the clay 
that forms the arch of the furnace, and which ®re suf- 
fered to drop into the pots, and to float iij die glass 
wliilc in its state of fusion. Wherever thes^ tears eJtist, 
the material il brittle in a very high degree, so as fre- 
quently to crack, without any apparent cause, by the 
mere efleA of the unequal expansion just described, 
which accident is more likely to occur in proportion as 
the drops arc nearer to the surface. ^This defect is one 
of so serious a nature,, that it is* usual, on discovering • 
its existence, at once ttS throw aside the glass as useless. 
In places where, as is" frequently the case iff England, 
covered crucibles are employed, this accident is in a 
great (I egreq avoided. • » 

Three kinds of knots ilrc observable in gl^ss ; 15ne 
of these arises from the aggregation of several imper- 
fectly 'vitrified grains of sand. Another is owing to 
some poftions of glass-gall not having* been removed 
during the refining ; and the third kind is produced by 
any small }jai iS of the crucible or of the furnace which, 
having be 4 *n abraded by tjjc rubbing of the tools or otlj^er 
acciflental circun|ptance, have fallen into*the gias^. 

Small bubblfcs are frequently seen abundantly spread 
throiighout the substance of the glass, ^fhftsc indicate 
an imperfect degree of •refining, tfnd proc^d from the 
disengagement of gas which occurs during the process 
of vitrification. Their, presence annoumfes^at the glass 
has not been sufficiently fluid in the cours^ of its re- 
fining to allow of their dispersion, This may happen 
•through one of two causes, either that a sufficient amount 
of fluxing material has not been used with the sand, or 
that the fire has not been sufficiently intense for the due 
liquefaction of the compound. These bubbles ^e chiefly 
objectionable ^on account of their unsightly appearance. 
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and do not really deteriorate the quality of the glass 
even for optical purposes. In this case each bnoble acts 
as a small convex lens, rapidly turning aside the rays 
which stnike against it, and occasioning a diminution of 
light in proportiftn to its area. But when these bubbles 
are even numerous, the sum of" their united areas will 
amounta to only a small proportion of the whole sur- 
face of the glass ; and the loss of light will be incon- 
siderable.^ 

It thus appears that the principal obje^’t to be sought 
after in the manufacture of j)erfectly homogeneous glass 
is, to avoid those variations in the composition and spe- 
cific gravity of itisT different parts, which occasion the 
striated ttj»pearance described above. To enter minutely, 
^ and at length, into a consider ati on of the means that have 
been proposed find adopted with a view to remedy this 
considerabh^ evil, tvould present little that is amusing 
to the general reader ; while those persons who feel any 
particular intertist in tlie subject, or whose taste for sci- 
entific I'csearch leads them U admire the detail of well 
considered and ably conducted plans for tlie mastery of 
a difficult operation, may gratify themselves by consult- 
ing Mr. Faraday’s truly valuable paper already referred 
to, and which will be found comprised in the Philoso- 
phical Transactions for the year 18,^0. » 

Some exceedingly favourable sj)ecimcns of glass for 
olHical pun^oset; have lately been prepared by Sir. (.ijeen, 
the proprietor of the Stangate Glass-housfV ; a gentleman 
whose pers/maa attention has been unintermittingly ngiven 
during manj» years to all the practical operations and 
details of an ^tensive establishment. Mr. (ireen i: far 
from asserting t that in what has been accomplished he 
has arrived at any certainty iii’dhe solution of this dif- 
ficult problem, and feels tliat at most he has hitherto 
made only an approach to it ; while, however, it i.;5 such 
an approach as justifies the hope, that, through continued 
thought and exertion, a still greater and mpre important 
degree of perfection may be attained. ^ 

C * Mr. Faraday, Bakerian Lect j Phil, Trans. IftdO, p. 7. 
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The circumstances which attended the long-continued 
and laborious investigations on this subject of another and 
a very extraordinary man, "are, in themselves, so curious 
and intere^ing, and seem likely to be followed "by such 
important consequences, to at least one branch of the 
art, that a treatise, on £he manufacture of glass mighu 
be justly cliarged "with incompleteness, if it did not 
furnish at least a sketch of those circumstances. 

The following account is condensed from a raennoir, 
read at a sitthig of the Society of Phy^iSs and Na- 
tural History of Geneva, on the Ti 9th of February, 182b’, 
as given in the nineteenth volume of theQuarterly Journal 
of Science, published in London in the year 182.5. 

The late M. Guinand was born in an iiiconsider. 
able village, among the inuuiftaip;? of I^eiifchatel in Swit- , 
zerland. His father was by trade a joiner, and must 
have been in very indifferent circumstanocs, as his 
son was called upon to assist him when only ten years 
old, and without having ac<fuircd more ijian a very im- 
perfect know'lddge of the thst rudiments of leartiin^ » 
deficiency which was never afterwards suj)plied, as M. 
Guinand always re^d with difficulty, and WTOtc; very 
imperfectly. He must even, at this eauly period, have 
been a lad of considerable talent, and of a disposition 
that urged ' in/ to the exertion requisite for raising liis 
condition jn society. Wc find him, when l^tween* thir- 
teen ^and fourteen years old, having quitted tlu^ emplbj^- 
ment of a joiner for that of a cabinet-maker, chiefly 
engaged in making cases for clocks. * Afthre period he 
acquired from an acquaintance some knowdedge of the 
art df casting and working in metals, of» which know- 
ledge he* afterwards availed himself by adopting, when 
twenty years of age, tlTe occupation of a watch-case 
maker, the matiufacture of w^atches forming a very con- 
sidertiJble branch of industry in th it part of the country. 

At the house of a person for whom he then worked, 
M. J. Droz, tile constructor of several automaton figures, 
which forty years»ago made the tour of Europe, young 
Guinand enjoyed an opportunity of seeing for the jirst 
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time a very fine reflecting telescope which h'ad been 
made in England, and which at once appeared to dii:a 
so curious and interesting an ‘object, tliat he petitioned 
for and obtained leave to take it in pieces, the more 
minutely to examine its construction. The use made 
of this permission was soon rendered apparent by the 
production of a similar telescope ; and this, which he 
had constructed with his own hands, on l)eing examined 
by many competent persons, was pronc inced by them to 
be equal in Excellence to that winch ha<l ‘served him as 
a pattern. 

Surprised at this success, the gentleman to whose 
kindness he owed fhis oj)portunity questioned the artist 
as to his acquaintance with the science of optics, and in 
particular to what ^treatise he Was indebted for his pro- 
ficiency. The suiqmse of M. Droz was naturally in., 
creased on learning that the instrument had been produced 
without any knowledge wliatever of the theory of optics, 
and with no mnre acquaintance with the practice of the 
art^Yhaif had been acquired through the c’xahiination of 
the English instrument. M. Droz immediately placed a 
treatise on the subject in the hands of the young man, 
which he rathe; deciphered than read; but the cubstance 
of which was imbibed by him so completely, that he was 
enabled, after witnessing the making of oim p'lir of spec- 
tacles,* to for’u and polisli lenses, and to make spectacles 
for himsoT and others, which were pronounced be 
excellent. His principal amusement at this time was 
found ill nninuf.icturing telescopes, which lie got up at a 
cheap rate, forming tl.e tubes of pasteboard. 

When the important discovery of achromatic glasses 
reached SwitzcrJaml, (Juinand’s mind was very 'strongly 
excited by it ; and M. Droz havibg obtained a telescope of 
the new construction^ again permitted the young man to 
examine its various parts and structure. The very 
imperfect state of the arts at that time in Switzerland, 
and the deficient means of Guinand, prevented his 
achieving the construction of a similar instrument. He 
wa? unable to produce glasses of diffelfbnt refractive 
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power ; . and it was not until several years afterwards 
thaf an acquaintance, making a visit to England, con- 
veyed to him a piece of flint glass, with which, although 
it was by no means void of imperfecpons, b*eing con- 
siderably striated, he succeeded in making some tolerably 
good achromatic glasses. Finding that not only the glaSlj 
which he had liimself worked, but that every ofher spe- 
cimen which he examine<l was thus iinperject, he was 
incited to a moi e particular scrutiny into^ the sul5ect, 
and bringing ^nto action all tl^e knowledge he had ac- 
quired in«the art of fusion, he melted in his furnace the * 
fragments, of his flint glass. All thq satisfaction derived 
from this experiment was the acquirement of some degree 
of knowledge as to the composition ^f flint glass, some 
particles of lead being revived in the metallic state during* ' 
the process, (ruin and was tlurty-fiv& years old at the 
time when this fresh *incit(*ineiit led to his Peking after 
such chemical knowledge as might assist him in experi- 
ments on .vitrification, arfd his e\enir^s* employment 
during six or seven years was to melt in his blast fuffiace 
a few j)ounds’ weight of glass, carefully noting down 
every circumstance* attending each experiment, tJiat he • 
might 5c enabled to continue such as ifflPorded any pro- 
spect of advantage, and to avoid others which had a 
contrary londTincy. 

These* small exj)erime^ts led to no deMsive resuj^s ; 
antHie was upwards of forty years old ^hen,maTiing un- 
dertaken a n^v and more profitable trad^, that of making 
bells for repeating watches, he was enabled to devote 
more of bis earnings tb the pros«?cuti5n of* experiments, 
which lie tliencefbrth undertook upon a scale more likely 
by their results to reward his perse veraficc. 

In this pursuit he was still exposed to numerous acci- 
dents and difficulties, which woujd liave deterred most 
pers^ms from continuing the research. His furnace, 
which he had constructed with his own hands, out of 
such materials as he could procure, and which was ca- 
pable of meltin^at once 200 lbs. weight of gl^s, proved 
defective, fie was then obliged tp procure materials for 
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the purpose from abroad ; and having once more com- 
pleted its erection^ and consumed much fuel in heating 
it^ had the mortification to "find that it stfll required 
alteration. , Then his crucibles, which he was equally 
obliged to form with materials ill-qualified for the object, 
bracked during the process, and the ' vitreous matter was 
lost ambng the ashes of his furnace. Altliough during 
aU this time his family arrangements were formed upon 
a p?an of the most rigid economy, he* was compelled to 
employ an int 'rval between each one of ifiis experiments 
in earning at his regular employment sufficient means 
for subsistence, an^l for providing the apparatus, mate- 
rials, and fuel needful for renewing them. 

All this time the pursuit liad laid hold so completely 
j of his mind, that hc‘ v:as deprived of his natural rest 
while considering upon the causes of his various failures, 
and cndeaToiiring to reason out the means for their 
prevention. 

Having at length succeeded in obtaining a block of 
glafes weighing about 200 pounds, and having sawn it 
into two vertical sections, he polished one of the faces, in 
order, as far as possible, to examine the circumstarices 
produced by the fusion. * 

To account for the nftmerous and vaiious defects ex- 
hibited by this specimen, ^1. (iuinaml formb<l a theory 
which he mr^de the groundwork of his future njicrations. 
A mop' iutimaiC knowledge of those defects, and ti' con- 
viction thus aOained of the great difficulties opposed to 
their removal, "instead of damping his ardour in the pur- 
suit, serverl 'to iitfuse" new energy into his mind. Nor 
was he mistfii'.en in his estimate of the obstacles fo be 
surmounted ; that," as he himself declared, the 
sacrifices and exertions wliich lie had previously made 
were trifling when compared with those which he after- 
wardsunderweiit for the purpose of removing these various 
defects, and of rendering his glass homogeneous." 

llie vStejis through wliich he jiursucd '■this arduous 
undertaking, and the metliods by whiVih its success was 
acccmplished, it is not possible to detail? All that is 
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publicly.known upon the subject is, that he succeeded in 
diB<*vering a mode of proceeding which gave the almost 
certainty of producing in* the fusion of a pot containing 
from SOOito 400 pounds of glass, one Jjialf %t feast of its 
substance entirely homogeneous, and therefore fitted for 
the construction perfect optical instruments. Witti 
this result, satisfactory as it would have been* to most 
men, Guinand expressed himself by no meaq^ contented, 
and continued hift researches, without, however, evd- ar- 
riving mucli iTearcr to perfectiijn in the art. 

He was now enabled to make for use discs of glass • 
perfectly homogeneous, witli a diamejer of twelve inches ; 
a great achievement, when compared with what had been 
at any time accomplished by others. ^ 

On one occasion the artist liadtsflcceeded, through mucli* * 
carefulness and exertion, in obtaining a disc eighteen 
* inches in diameter ,«aml of a quality perfectl}*satisfactory. 
This was alrea<ly finivshed and placed in the annealing 
oven to copl gradually, wlfeii, through iwme unaccount- 
able acciclenrthe fire cahght the roof of his humble 
dwelling. With some trouble the flamiJs were extin- 
guished ; but tlie water used for this purpose had found* 
its wa}^ into the oven, and the precibns deposit was 
destroyed. It is said that the •discouragement caused by 
this accici'onf prevented M. Guinand from afterwards 
atteraptijig any simila^y extensive exyg.'riment. ^le 
entertained no doubt, however, that, Vi th* means for 
operating orf a larger scale than he cyiiild accomplish, 
lenses of double or even triple tlie diameter here men- 
tioned might be prodi^ed. * • • 

*For some time after he had thus far tucceeded in his 
object,* M. Guinand \vas accustomed to*divitle his blocks 
of glass by that wliich appeared the only fitting method, 
sawing them into sections perptyidicular to their axis, 

^ polxhing the sections, ^ind tliei. selecting such parts as 
were adapted to his inirpose, returning the remaining 
portions to* the crucible for future operations. By this 
means he had fPequently the mortification ot perceiving 
that the glals was divided, so as^ to present a lej* ex-. 
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tended surface of perfect material than the state of the 
block would, if previously known, have rendered ^pos- 
sible ; and he was frequently able to procure discs of 
only small diameter, when, could he have been :[u]ly aware 
of the particular circumstances of the glass throughout its 
;^ubstance, he might, by cutting in^ another direction, 
have obtained a more satisfactory result. “ 

This disadvantage was remedied in a way apparently 
as untoward as it was singular and uij^xpected. W’^hile, 
his men were one day carrying a block of glass on 
a hand-barrow to a water sawmill, which he had con- 
structed at the fall of the river Doubs, a short dis- 
tance from his dwelling, the mass accidently slipped, 
and, rolling to the bottom of a rocky declivity, was broken 
into several pieces. JKqdeavouring to make the best of 
this seeming misfortune, such fragments of glass were 
selected fo^ operation as appeared to be fitted ^by theii 
homogeneity for the purpose ; and tlrese were softened in 
circular mouldy, in such a manner that they furnished 
ijis^'s of a very satisfactoiy vjuality. Tu.ther examin- 
ation enabled (luinand to jxTceive that the fracture had 
in a great measure followed the variations of density in 
ilie glass ; and, pursuing the idea thus obtained, the 
artist thenceforth adhered to a method so singularly in 
the first instance forced upon him. 

After this, M. Ciuinand contrived a mode of cleaving 
the glass ..wliib cooling, so that the fracture ae^pm- 
panied the direction of the more faulty perts ; by which 
course he freqi eiitiy obtained masses of glass which were 
absolutely Ji^rnOgenettus, wcighjiig from forty to fifty 
pounds. Thqse masses, deft again by means of’ wedges 
into pieces of cenvenient shape, were remelted in moulds 
which gave tliem the form of discs ; an operation which 
differs essentially from that used by other glass-makers. 

Several years of his life were thus employed by, this 
extraordinary man in making beds for repeating watches, 
and constructing achromatic telescopes with glass of his 
own preparing. The retired spot wherein he resided, 
offered only very limited opportunities fc * acquiring a 
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reputation in'’ the world; yet, by degrees, the superior 
valu# of his labours became appreciated, and he was 
visited by such men of science as travelled into the 
neigh bourjjood of his dwelling. By one of these, a 
knowledge of his meiits was conveyed* to Jl. Frauen- 
hofer, the chief oi^a celebrated manufactory for opticaU 
instiuments, established at Benedict beurn in Bavaria. 
This gentleman having in consequence obtained some 
discs of glass rnaii’.y by Guinand, found their quality so 
satisfactory, that he repaired in person to ^r?nets, where 
the artist resided, and engaged iiim to settle in Bavaria. 
This was in 1805, when Guinand was upwards of sixty 
years of age. lie continued at Benedietbeurn during 
nine years, occupied solely in the manufacture of glass, 
to the great increase of M. Frait^*i>boftr’s reputation. 

Being desirous, at the end of this tiijie, to return to 
4ii» native land, a }ien«ioii was granted to him by the 
establishment, on condition that he should no longer 
employ himself in making glass, nor disejose his process 
to any perso*n Ivhatcver ; a«condition which did Hot Iwng 
agree with the still active energies of hi^ mind. Be- 
lieving that by ney experiments be could rai^ his 
discovery to a yet higher degree of improvement, he 
obtained the consent of M. Firuenhofer to cancel their 
subsisting agreement ; and relinquishing his pension, 
once again devoted himself with ardour to Jiis favfiurite 
pursjjit. * • • . * 

M. Guinand lived for seven years after this time 
(181^)), and produced several tcIescOpes^of ^reat mag- 
nituile, and remarkablct for their •exc^lfenoc ; it lacing 
perhaps not the least extraordinary among the circum- 
stances attending them, that, to use the wonls of the 
memoir, whence the forefjoing account is drawn, ‘^they 
have been constructed by an old man upwards of seventy, 
•who Jiim^elf manufactures the flint and crown glass 
which he uses in their construction, after having made 
with his owr^ hands the vitrifying furnace and his cru- 
cibles ; who, wUhout any mathematical knowledge, 
devises a grapliic method of ascertaining the proportions 
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of the curves that must be given to the lenses, after- 
wards works and polishes them by means p'eculiar to 
himself ; and lastly, constructs all the parts of the dif- 
ferent mountings, either wi:h joints or on stands, melts 
and turns the* plates, solders the tubes, prepares the 
• wood, and compounds the varnish.*'^ 

Arrangements had been made by the French govern- 
ment for purchasing his secret, when the artist, verging 
ont his eightieth year, died, after a short illness. That 
secret did fio^t, however, die with him, «but is possessed 
by his son, who continues to labour in the employment 
so singularly commenced, and so successfully and ener- 
getically followed* by his father. 

The name of Frauenhofer, which has been introduced 
in the foregoing ^iarKil.ivc/ iff* one intimately connected 
with enquiries ,in the art of making perfect glass. It 
would hejvrong to leave the reader under an impression 
that the merit of this aitist was limited to the single aqt 
of patronage extended towards (Juinand, and which, al- 
,tlwugh indicative of his discernment jfs k tradesman, 
would afford no reason for investing him with any part 
of the extraordinary merit whicli ^truly belonged to his 
character. « « 

Like (ruinand, his beginning in life was humble ; 
being indebted solely to the powers oC lii^ own mind 
for (he emi^nenee to which lie attained. Having occu- 
pied the, lowQst station as jfh ordinary woilcmai^ in a 
great manufacturing establishment, lie by the force of 
his transc«nddnt tslcnts, and in the course of a few* years 
raised himself the chief (Jirt^tion of its business. 
During the intervals of labour he acquired a compe- 
tent knowledge of mathematical science; and* devoting 
himself to tlie perfection of* the refracting telescope, 
proved that he possessed a truly jdiilosophical and 
scientific mind. Having soon mastered the theoretical 
difficulties which presented themselves, he still, however, 
found all his labours unavailing, through, the imperfec- 
tion of the material employed; and setjiimself to remedy, 
th^s evil, by a series of admirable experiinents. 
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It might be thought invidious to enquire in what 
degree his success in these was owing to the previous 
labours and assistance of Ouinand, or how far his dis- 
coveries were personal and original. Both produced and 
left behind them specipnens of perfect glass in large 
pieces ; but the p iblic has equally in either case to 
regret the want of knowledge as to the processes em- 
ployed for the attainment of an object so desirable. 

Frauenhofer dit^d in the year 1826*, at ai\ early age,* 
a victim, it is "’said, to unremitting attention bestowed 
upon an unhealthy employment. Had his life been con- 
tinued to the same lengthened period as was allotted to 
his fellow-labourer, what might not the world have ex- 
pected from one, who so early had bijrst the chains of 
ignorance, anti overcome the pi^ralysing difficulties of 
birth and adverse fortune ; taking his station during life 
among the genuine philosophers of the age, ^id falling, 
admired, and lamented, and eulogised by the most scien- 
tific societies, of Europe ! 

The grt'at vllue of flint glass, from which all percep-' 
tible defects are absent, may be imagined fr;m the sketch 
which has here been given of the efforts made for its 
production. Very high prices are, in fact, paid for ob- 
ject glasses of a satisfactory quldity, which are of any 
magnitude ; while even small fragments of such glass 
are sought lafier by opticians with great avidity. ^ 

A few years ago the director of one ttf the L'ondon 
glass-houses hat\’ing made a pot of flint glass for optical 
purposes, sold this, in the regular course of his business, 
to a commission merchant, who fransluitted it to his 
correspondent on the Continent. Some nJonths having 
elapsed thereafter, during whicli time its 'possessor had 
ascertained the true value of his purchase, the manufac- 
turer was surprised a treceiving nupierous enquiries on 
die subject of this lump qf glass, on the part of several 
English opticians. These were anxious to procure por- 
tions of a material, the fame of which had reached them 
from abroad. UpJ5n this, the maker in.stituted a, search, 
and having suJbecded in identifying some fragments, >a6 
8 2 
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having formed part of the same melting, was enabled to 
procure very considerable prices for that upon which he 
had previously set little or -no value, and which had 
been preserved only through accident. , 

On a yet more recent occasion, information having 
• reached London that a large and |upcrior object glass 
was OH sale in the metropolis of a neighbouring king- 
dom, one of our most celebratetl astronomers hastened 
across the channel, and while other; were chatfeiing 
with its po^spssor aliout the price, our cauntryman slept 
in, and paying at once the full amount demanded, 
brought off the prize to the great mortification of his 
competitors. 
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CHAP. XII. 

ON THE SPECIFIC CJllAVlTY OP GLASS. 

« 

IMPORTANCE OF THIS QUAIITY. rXPEUlMENTS OF LOYSEL. 

HIS IlFASONINUS AND FORMULiC. SPIfUIC' WJi:iCIIT AUO- 

MFSTEO IIV MIXFI) GLASSES. TH^IR SPFcTfIC 

WFIGIir. METHOD OP DFTERMIMVG TII IS. — INFLUENCE OP 

• * 

TEMl’LRA'l URE ON THE SPI-CIFIC WEIGHT OF GLASS. 

The spccifi’c gravity of glass is a qliality of consider- 
able importance, when the material is required for con- 
version into tile object-glasses of achrtimatic telescopes, 
or for the composition of counterfeit gems, although any 
very minute attention, to this point is not^^considered 
essential in coiulucting the commoner processes of the 
glass-house. * ^ 

Loysel, tft t’hose justly *esleemed work on tlse ai^ of 
glass-making .illusion has been so frequently made in 
these pages, went through a series of experiments^ upon ^ 
the specitie giaviiies of vaiious vitreous lv>dicB, with the 
view of giving such instructions for the comjiosition of 
tile nicer o’lali'jes of glass, as should absolve manufac- 
tiuers from the necessity of making those^ preliminary 
trials^ upon every occasioifj vvhieh are attended by mulSh 
inconvenient iVlay in tlie juosecution of extensive oper- 
ation i. • • 

Adopting the iiracti^al aim ofi lbi« French author, 
somv of hif, ingenious formula* will be here given, toge- 
ther with a statement of the premises wnereupon they 
were founded. ' • 

I'he specitie gravity of water being expressed by the 
•number 1 00, that of sand is ;* while soda deprived 
of all carbonic acid by tusion in the furnace of a glass- 
house, is of ihc .s})ecific weight 19 . 9 > tind the same sub- 
stance, when broiight again by cooling to a concrete state, 
is not hcavieik than 555. It might, therefor^, be sup- 
s 3 . 
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posed that the specific -weight of glass^ considered as a 
compound of sand and alkali, would be dirninish<>d in 
proportion as its dose of silica was lessened and that 
of its alkali was augmented. The contrary of this fact 
results, however, from the combination of these two sub- 
gtances through the agency of fire. ^ 

“ Sand,” says M. Loysel, contains, in addition to 
silica, some other substance, the nature of which has not 
been investigated, and which is sensibly disengaged from 
the silica by the alkali, in the form of an elastic fluid, 
in the act of their combination to form glass. 

We are ignorant of the degree wherein caloric ad- 
heres more or less strongly to one or other of these 
substances, in otlier words, their capacity for heat is 
not known ; but, hi order tc a^ oid errors, it will suffice, 
that we know the results of several similar combinations. 
If we ascertain carefully the doses of silica and alkaliy 
which compose glasses formed of these substances at 
different degrees of heat, together with their various 
specific - gravities, we perceiv? that the t'iflerences be- 
tween their (loses of alkali are obviously jiroportional to 
the differences of their weights. Knowing tlien how 
far these proportions vary in respect of two dercriptions 
of glass, we have it in our power to compute, with re- 
spect to a third composition, either its (juantiry of alkali 
from its specific gravity, or, on the other hand, its weiglit 
from its dose of alkali. * ^ 

From actual experiments made on different glasses, 
the following result., liavc been obtained, the weight of 
water being #»xpresscd by J 00 : — 

Glass, No. 1. contaipnd 80 parts .“Uica, SO parts alkali, ita spt'cific gravity 2'^? 

No. 2. — 54 — silica, 4(i — alkali, its specific gravity 254 

DifTerence ... 2b 18 

If it be then required to know what proportions of 
the same matcn-ials must be used for the production of 
another glass. No. 3., the specific gravity of which will 
be 242, the solution of the question may oe found by 
the following formula ; — As the difference between the 
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specific weights of the compounds 1. and 2., which is 
18, i'’. to the difference between the weights of 1. and S.y 
which is () ; so is the difference between the doses of 
alkali employed in Nos. 1. and 2., which is 26, to the 
difference between the doses of Nos'. 1. and 3., and 
wliich difference is thu^' found to be <). Adding theUj. 
this number to that which represents the alkali of<*No. 1., 
we may conclude that the glass of No. 3. must contain 
29 parts of alkali-^and 71 parts of silica. It has been 
proved by exporiment that glass of the spei5ific gravity 
proposed, 242, is composed by the union of 70 of silica 
with 30 of* alkali. 

When a manufacturer has thus t^m well-established 
results to serve as general means of comparison, the 
simple ascertainment of specific gravities will suffice for 
determining if any variation has taken place in the ma- 
nufacture, as well as for discovering, and in general re- 
medying, its cause. 

If any lime enters into its composition, as is the case 
with glass o'f -/ommon (juality, its weight is raplJly sMig- 
menlcd, and it is therefore useful to determine, from 
time to lime, the weight of the glass produced,^ com- 
paring itiwith that of some other sample which is Icnown 
to have been well and carefully^.made. If it is seen that 
the weight, incrt*ases, it may be concluded, either that a 
larger proportion than usual of lime is present, or that 
tile ^re fias not l)een stffficiently urgefj, and that wo 
large a proportion of alkali has been alloweJ to remain 
in cc/mbination wdth the glass. ^ • 

The rule already stat/?d is said by M. Loysel to apply 
wit^ equal certainty to the heavy glasses composed of 
silica afnd oxide of lead, the differences between the 
weights of various spe*iimens of flint-glass being also 
projwrtional to the differences in tlieir quantities of rae- 
• tallic^ oxide : — ^ 

dlass, No. 1. composed of 27 sand I'i minium, has a spectfle gravity of .020 
No. 2. , 1 1 — m fi57 

IS 


Difference ^ 


Id 
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From these data, tlic spnecific gravity of another com- 
position, No. 3. — made up of 20 parts sand and 80 
parts minium^ may thus be ascertained : — As the differ- 
ence between the quantities of minium coiitainec,! in Nos.l, 
anti 2. is ’to the difference between the proportional 
puantities of minium in Nos. J‘. antj .‘J. ; so is the dif- 
ference ,I)ctwecn the weights of 1. and 2. to the difference 
between the specific gravities of 1. and .'h, and vvhicli is 
thus: found to amount to ,0.0; \\liifli nuinher, the 
quantity of ^?xide being greater in No. he atldcd 

to .020, the weiglit of Nb. 1., anti we thus Inive .070 a® 
the weight of the inoposed composition. *' 

In forming flint play?, it is proper, in addition to the 
Band ,'intl minium above supposed, to emjtloy alkaline 
Buhstances ; and i'! is- desirable that the manufaeturer 
.shtudd have it in In*' jiower to pretlict, witliin a trifling 
amonnt, thq specific weight of evtq;)' compound that he 
may determine to employ, 'fhe means to lie emp]o}efl 
by him for the att.'iiiiment ofi^liis end aie foiintled on the 
foli'awin^ condoerations : — t 

'I'he manufacture of flint glass requires the employ- 
ment of a lower degioe of heat titan is inci'swary for the 
formation of otjur dcseiiptions, which dot o‘ coiitain an 
equal aliundaiice of fluxing inalenals for vitiifjing tlie 
sand. "J'he teinpcMatuie of the furnace.ds ivnnmonly 
sucl), fliat if glass he made in it composed of silica and 
alhnli in siudi proportions tlialMie one ^^iIl satin ate^ ilu^ 
other, it avIII usoally eoniain about 7-J pwrts of silica, 
and 2,7 part.*; (>!r alkali ; and this glass will Iiave a 'Spe- 
cific gravity rf idjom ,2 1. Tlie,same means of heating 
being emiiloycij, 7-1 jiarts of minium will be saturat'd 
by 27 paits of s;md, producing glass the specific'"Aveight 
of which is .72. In practice, it is/how'cAcr, probable, that 
7*7 paits of minium will eomhine with 2.7 of sand, ami 
the lesult will have tht* specific gravity of ;7‘1'. ^ 

On the other liand, if tw’o glaft.sos of different charac- 
ter, ( ne of wliich is composed of silica and alkali, and the 
other of silica and lead, are melted togedier, the spceific 
gra\ity of 'each being known, the weight pf theVoin- 



CHAP. XII. 


SPECIFIC GRAVITY OP GLASS. 


255 


pound resulting from their union will depart in only a 
very^tri fling degree, from that which would be givpn by 
calculation, according to the usual rules for determining 
the specific gravities of alloys. The same result will 
equally ensue, if, insfead of thus previously fbrming two 
different kinds of glass', the materials of which ihej^ 
sliould he composes are themselves brought together for 
the purpose of their original vitiification. 

If, tlien, we ctyisider the sand of the confi^ositioti as 
divided into })(}rtions, one of which musf necessarily 
combine with the nunium for ifs vitrification, while the 
other is ratjnired for the saturation of the alkali — the 
surplus (juantily, if any, of the latter constituent being 
dis'ipated by heat duniig the jirocess of vitiification, 
the calculation lu'ccssary .for detepniaing tile weight of 
tile compound will proceed according to the following 
example: — , * ^ 

Let It* be supposed tliat’tlie manufacturer wishes to 
form fiiiit glass liy the uniqn of 100 parts of sand, 50 
parts of iiilYir^m, and H)^f potash. 'I^liese luateyals 
might he di\i(le(l into tlie following propoitions for pro- 
ducing two \erv difilrent descrijitions of gdiss : — Thus, ^ 
the 50 pyrts of minfum, which would lie^^i educed n\ the 
process of \iLnfication to 48 paj;ts, would be completely 
vitrified hv llK\addition of 1(> parts of sand; the abso- 
lute Weight of glass thus foimed would be (i K and its 
specific weight (that of ^ftiter being 10)^woujd, as l«- 
fore'^staK'd, ht; 5 k Tlie (piaiuity of sand ^remaining 
(8J* parts) might he combined with th^ wl^olo of the 
potash ; but as, in the process of vijrificgitioii^ all the siir- 
plinsquaiuity of the alkali ivould be dissipated, glass would 
be fonne.d containing 81* parts of sand aqcl 28 of potash, 
having 1 J2 as its ab.soluV.^ and 24 as its specific weight. 
If, then, the whole 'materials arc placed together in the 
jcrucihle for their original vitrification, we shall have, 
after Ihe reduction of the minium by 2 parts, and the 
dissipation by heat of 12 parts of potash, a glass, the 
absolute weiglit which is 175» and whereof we desire 
to know the specific gravity. For ascertaining* this, the 
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specific weights of the two kinds of glass that might be 
separately formed, must be multiplied into each o^^her, 
and their sum again multiplied by the absolute weight 
of both, in order to find a dividend. Proceeding, tlien, 
with the absolul.e weights of the two descriptions of 
glass which might be formed,' and multiplying each 
separately by the specific weight of the other, adding 
tlie two proilucts together, another sum will be obtained, 
by employing which as a divisor, thft quotient will be 
equal to the'^pecific gravity of the compound. 

Thus, in the above example, the specific weights, r)4f 
and 24<, of the two descriptions, being multiplied into 
each other, and their sum multiplied by 176, the abso- 
lute weight of both, a product will be obtained of 
228,096 for the dividend. • Multiplying, then, 64, the 
absolute weight pf one glass, by 24, the specific w'eight 
of the other^ ; and again, 112, the .absolute weight of the 
remaining glass, by the remaining specific weight 54, we 
have two sums, 1,556 and 6*048, which, added together, 
and. employed as a divisor, gi’'es, ar its quotient, a very 
minute fraction over 30, which is known to be the spe- 
cific gravity Of glass composed of sand, minium, and 
potash, in the projiortions first stated. , 

With respect to heavy. glasses, results are obtained by 
calculation, which are rather greater than, the. reality ; a 
circumstance for which it is not difficult to account. 
The great Abundance of oxide \)f lead used in tUeir com- 
position, attackr the body of the crucible, j<o as partially 
to dissolve it; and being thus provided with a somewhat 
larger proportion ,of the lighter .material, the weight of 
the compound will he necessarily and proportion-illy 
diminished. This difference between the computed and 
tile real weights will, of courscy be greater, according as 
the proportion of minium is augmented ; its action upon 
the crucible being, by such means, rendered more de- 
structive. 

Notwithstanding the degree of uncertainty thus oc- 
casioned, it must still be useful to know how, by a very 
simple calculation, to make a near approximation to the 
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truth, and thus, as already said, to avoid the necessity of 
conducting long and uncertain preliminary experiments. ■ 
The specific gravity of glass is influenced by the degree 
of heat to^virhich it has been exposed during its vitri- 
fication ; being always least when the \emperature has 
been greatest. Thj cau^ of this variation is to be found 
in the different quantities of alkali that have iM^en dis- 
sipated, the silica appearing to depart from the com. 
pleteness of its aggregation, in proportion as it*is depriwed 
of alkali. * • 

Flint glass is not entitled to' any drawliack upon its 
exportation, unless its specific gravity be at least three 
times that of water. The duty drawn back on the ship- 
ment of dint glass is considerably greater than the rate 
originally paid on other 'descriptions^ and but for the , 
resort which is had to its gravity as attest, those other 
descriptipns might in -many eases be substituted, and a 
considerable profit be thereby fraudulently obtained by 
the exporter at the expense^of the revenue. 

, * •a 

• The nilo for ahcortainmg th<‘ mean specific pravitv of diffl-Tent bodied 
should r<'ver be relied on until ver.fied by experiment ^Tlie ronden<>ation 
of volume which «iomc subsuinccs undergo when brouphr into combination 
with others, !•« such as to tender all calculations coin erninp thei’i, under* 
such circurwstanccK, vapuc and erroneous I rom jhe exi>ernnents of 
M Ivoysel It would apjiear, howe\er, that except in the case which be ha* 
noticed, that ol employing different dci,Yees of he.it, this condensation 
does not occur with the various cnnri|iositionii of w’hudi plans is formed, and 
recourse niav ‘therefore be liad to the formula usually empinjed lor ascer- 
taining mean hpecific gravities, when we desire to determine thosVof dif- 
ferent vitreohs combinations rule is as. follows : — * , 

Th»,fftpccific gravity of one liody m to that of anot^vr, as,*the weight of 
the first divided Iq' its volume is to the weight ol the second divhled by 
Its volume; and tne mean 8|>ecific gravity of tlie two is found by dividing 
the fiiini of the weights hv the sum of the volumes. ^ . 

l.et W, ic, lie the two weights , V, r, the two volumes ; P, p, the two 
specific gravities , and M, the c dculutevl me ii.*fcj)cci.'ic gra-ity. 


* 'VV + til W 

Then, M = ^7-^ ; and V + i, = - + 

V + e ' P 

W + W _ W + U» _ (W Pp _ jyj 

V + 'Wp + Wl’ ■ Pw d- pW 


w 

P 


\V^ -I- teP 

. Pp 


; hence 


Pp 



268 


GLASS MANUFACTURE. 


CHAP. XIII. 


CHAP. XIII. 

, ON THE ART OF COLOtiniNO OL\SS. 

f t 

A>!TIQUITY or TlJlS ART. — Ol’ ROM \\ MOSAIC. 

ANAI.YSIS •'JI' Tin sic «Y KLAPROTH. MI TALLIC OXIDES — 

GOLD IM lUMgP. irs r.Kl,\T C'Ol.OlIRlNt; loCvm. Kl'M'kEL. 

•• 

Ills PKOIlCiKI^'V IN t'OLOl^IUNM OI.ASS. VI II.OW' (UIorK 

FROM SILVER I'ROM U:\ll TUOM T V RTA R 1 ROM 

ll£l‘('U\M>OD f'ilARlOAL — 1 Kt»M OXIDE Oi IRON. C KICK N. 

]iL.\( K (;i ASS. 151.1’L. DIRICTIOSS I'Ol’M) IN o'lD Al THORS. 

IMITAITON OF TIIF GARNET Ol' THE AMriTIVSI OP 

THE EMIRALD - O^' SM riilRES. ~ OF VO I 1 i.lASSlS- liLAt'K 

• WJJirr. OPAI. —^.NriFNT nCTORES lORMID or co- 

Loriini GLASS -I HOW IMCOTEIL JlP.SCimM'JON Ol AMIFNT 

MOSMC'S — y. MOKl' KK'INT PROsUl KON Ol’ THIS A U i;. ACCI-* 

Hl'NTVL L’i)I,Ol’ltIS(. Ol PI \ J'l '(.L-VSS A I' ST, OOJJA I N. — 1 N EF- 
ri-l'Tl’AL A'lTEMPTsTO Ul PRODl^t J 1 Ills FI 1 E( T. 

I *' *' * , ' 

It appears probable that tlio art of colourinp; glass was 
^ (Uscoveretl aiifl jiros-tcuted at a period ver\ liitle sub- 
sequciA to tbrit^of the inanufaelureof ibe aili(;le itsedf. 
The most ancient aathoi,s who have mentioned the ex- 
istence of the mateiial, have also recordeij tlie^laet of its 
being*ting(’d with vaiious eideurs, in imitation of gems. 
Stjiabi), Seijeca, and JMniy. all ftake mention ot* this nse, 
as being one to wliiv'h glass was applied by^siriisls in very 
early times. ^ ^ 

'i’be fact Jias ^alrc^dy been mentioned of coloured 
figures liavingbcen found with Egyptian mummies, end 
which are, therefore, known tobavebien in existence for 
upwanls of .‘JOOO years. Tbestv’iinous relies of' ancient 
timts have also been discovereil ileci fated with coloured 
glass beads ; and a mummy thus ornamented is to be , 
seen in the British IVIineum. ‘ ^ 

In the icign of Augustus, the Romans began the use 
of coloured glass in the composition of n^osaic decorations. 
Several s|>eciinens of this kind have been f^nd al a late 
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period, among the ruins of d villa built by Tiberius in 
the jslarid of Capri ; and some of these specimenshaving 
been subjected to analysis by the accurate and ingenious 
Klaproth, it is known that in that early time recourse 
was had to the same class of colouring ingredients as is 
employed by the moderns. Some difference must, indeed, 
have been observed^in their processes, as the anciwits were 
unacquainted with the use of the mineral acids, which 
are now found t^ be so convenient in the preparation of 
metallic oxides * 

Klaproth has given the foll<5wing as the result of his 
examination of some of the Roman specimens above 
mentioned*: — 

One which was a lively copper red, opaque, and very 


bright where recently •fractujotl. 

Contained, in 200 ^ 

grains, — 


, Silex - . - ^ 

. 142 

Oxide of leaff 

28 

copper f - 

J5 

* ^ iron - » 

- * 2 . , 

Alumine 

5 

tiime - - - 

- *3 ^ 

• 

195. 

Another, a light verdigris green. 

also ortaque, with a 

splendent fracture and ^coriaceous, 
railar quantity, — 

co 0 tainted i[p a^i- 

, Silex 

* 130 

Oxide of copper ^ - v 

- 20 

« lead 

15 

• iron 

. - 7 

Lime • 

13 

Alumine 

• 

11 

• • 

196 . 


It is remarkaljfe that the constituent ingredients of 
both ^hese specimens should prove to be* the same. 
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The difference between them exists only in their relative 
proportions ; and the colours depend upon the difilrent 
degrees of oxidation of thecoppfer. Sub-oxide of copper, — 
that is, copper which has combined with itself only half 
the quantity of oxygen required for the production of 
fbe perfect oxide — produces a red pnamel ; while that 
which has received its full proportion of oxygen yields a 
green enamel colour. 

¥i The specimen of ancient blue glass which was analysed 
by Klaproth contained, — 

Silex 

Oxide of iron 

copper 

Aluminc 

Lime 


18 r>^. 


parts. 

19 

1 

. 3 

01 


It appeal s, therefore, to have been indebtel to the oxide 
of iron for its blue colour, as no trace w'as detected of 
^-.Any other ingredient to which this, could be referred. 
Since the discovery of the certain and commodious method 
of producing blue enamel by means of cobalt, the art of 
obtaining this colour from iron has been lost. 

The causes, which influence the employmen*^ of me- 
tallic oxideS.for 'lie embellishment of porcelain have ^een 
sufficiently detailed in the j)receding treatise. The siiine 
reasons also oblige tiic artist to have recourse to the same 
class of substvinces for 'imparting colours to glass. The 
mode of application of colouring materials to these fwm 
branches of manufacture differs, however, in this,"— that 
while, in orn^ienting porcelain,' they are applied super- 
ficially, in the manner of pigments, they enter more in- 
timately into the composition of glass, being transfused 
through the whole mass, and equally incorporated with 
its entire substance. 

The preparation of metallic oxides as colouring mate- 
rials is nearly similar in all cases ; it will nt t, thei^efore. 
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be necessary here to repeat directions^ or to give many 
explanations upon that head. 

Gold, in a state of great division and oxidated, has 
long been^celebr&ted as a means for imparting to glass 
a most exquisite purple-red colour resembling^ the ruby, 
and nearly equalli^ that gem in the richness of its hue. 
It is not by any means easy to prepare glasv of this 
colour with any certainty of a successful result. The 
great tendency \^iich is shown by gold to ‘assume* the 
reguline state,* when exposed to excessive Ibeat, to car- 
bonaceous vapours, or to the action of hydrogen, renders 
necessary m great degree of careful management in the 
various pro'cesses. 

The manner has already been given of preparing the 
purple precipitate of CassluS; tlje*for<h herein gold has* 
been used with so much celebrity in ^uparting red and 
•purple colours. It has been very generally imagined, 
that the tin used in the pre'paration of this precipitate is 
essential to the productioif of the requisite cojpur; an 
opinion whicl^ has been slmwn to be void of fomntiatioy, 
as preparations of gohl have been inadj without the 
agency of tin, which ha^c equally posses^d th^ 
power o< imparting tlie finest purple eoloMr to gold. The 
colouring property of any of the sirajde oxides of gold 
is found ,to Iks materially greater than that of Cassius's 
prccipitaje; which circumstance has beer^ brought for- 
ward as another argument to prove thafe the^preijience ’of 
tin is far frarn adding any thing to the body of the 
colour. It is probable, liowever, tlfat, Hi though not in- 
dispensable, tin is yet mseful, as dwabliog the gold to bear 
widiout reduction a higher degree and^ longer conti- 
nuance •of heat- With this same object, it has been 
recommended to add to the precipitate, be^re using it, a 
small quantity of nitre, by which the gold will be pre- 
• servqfl at its* due degree of oxidation. 

It is not essential tliat gold ifsed for this preparation 
should be fjjsol u tel y pure or unalloyed; since neither 
copper nor silver when present in small quantities, ap. 
pears fo alteiaor diminish its colouring power/ 
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Fulminating gold, prepared by precipitating the metal 
from its nitro-muriatic solution by means of ammonia, 
is also used in colouring glass ; but as this prepaiation 
ivould explode violently when exposed to a hea^ even very 
much belipw thal; to which it must be subjected in use, 
♦his explosive property must be previously removed by 
mixing it with a fixed alkali, and retaining it for some 
time at a comparatively low temperature. A more 
ma^iageable preparation results from t|)e precipitation of 
the ni:ro- muriate of gold by means of carbonate of pot- 
ash. This is not fulminating, as it is from the presence 
of ammonia that the explosive property is de.ived. 

A very ingenious process has been used lor producing 
an intimate union between the oxide of gold and silex. 
This consists of adding to tlie solution of the metal in 
nitro-muriatic r^id, a proportion of silica dissolved in 
an alkaline lixivium, and pouring therein any acid in 
sufficient quantity to saturate the alkali. In tliis case, 
the silex and gold are precipitated in very intimate com- 
bini-tion ; and if washed with clear water, dried, 
and mixed with nitre, borax, or any other suitable flux- 
^ing sujostance, will be fit for use as a colouring material. 

When the precipitate of Cassius is-1^|^loy^'(l, about 
one sixth part of its weight is added of perfect white 
oxide of antimony. This, from imparting ? yellowish 
tinge, is co^^sidered to be an important ingr^edient in 
fine ri^by-vploa'-ed glass. “ j., 

The proper nianagement of the heat enph>yed in the 
production sjf Xiiis much-admired preparation is a 
cult acquirement,' tixwn only tq clever and experienced 
artists. If tlip lempciature be allowed to rise too liigh, 
the colour will be much injured, and probably e. en alto- 
gether destroyed. The contac t of every kind of smoke 
and va))our snould also be carefully avoided in the fusion 
of ruby- coloured glass, which is said to be appaj;ently 
colourless when it leaves the crucible, and only to put 
on its exquisite tint as it becomes cool. 

Kunckel and other old writers upon- the art of manu- 
facturing'^ glass have stated, that the colouvng powers of 
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the purple precipitate of Cassius are so considerable^ as 
that ene part^ if added to one thousand parts of glass^ 
'will impart to the whole a full rich body of colour. 

The artist just mentioned, who was gyeatly celebrated 
for his attainments in this ornamental branch ef the art, 
was in consequence ennobled by Charles XI. king of 
Sweden, and assumed the name of LowenstieA, He 
made artificial rubies, which were highly esteemed, and 
which he sold, in ihe manner of real gems, |ccordin^ to 
their weight, rfnd at very copsiderahle ^prices. The 
achievement upon which he most prided himself, was 
the produedon of a cup of ruby glass, which was of the 
thickness of* an inch, and weighed twenty-four pounds : 
this cup went into the possession of the elector of 
Cologne. * * • • • 

Kunckel directed, in 1679^ the operations of the glass- 
IfOuses at Potsdam, where l^e met with the ^eatest en- 
couragement, and was libelrally assisted in his researches 
by the elector of Brandenbhrg, whq.ex]iended liie sura 
of 1 6*00 duc*at^ to assist th5 efforts oi \he artist liowSrds 
attainiog perfection in the art of making ruby glass. A 
cup, with a cov^f of* this material, which was m«le by* 
him, and *is stfliSn existence at Berlin, Continues to be 
an object of much admiration. ^ 

Silver, in all* its forms of oxidation, imparts a.very 
pure and beautiful yellow ^olour to vitreous»bodies ; l^t 
this ^lour^is easily destroyed, through *the« accident 
employment of^oo high a degree of heat ^ an evil against 
the occurrence of which it is so exc^ingly 'difficult to 
provide, that silver is very seldom rdJjortdd to bs a colour- 
ing fiiaterial by glass-workers. The inconvenience here 
mentioned may in some degree be avoidfid when oxides 
of silver are used in coifibination witli a1||mine, as in 
the ornamenting of porcelain ; but fhis remedy is mani- 
festly inapplicable to glas^. Other bodies can, however, 
l)e used with the best effect in imparting a yellow colour 
to this substance. 

Oxide of lead effnployed alone, if in very coi^derable 
quantity, wouM give a very good yellow colour ; buj as 

•t 
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it would require that at least three fourths of the weight 
of the glass should be made up of this oxide, in onder to 
give sufficient intensity to the colour, it is very seldom 
used for tl?e purpose. Glass dius , formed wpuld be in- 
conveniently soft, and from its powerful fluxing quality 
Tvould act injuriously upon the crucibles in which it was 
made. “ 

Chromate of lead, which is not liable to the objec- 
tiohs just pentioned, is on that account used prefer- 
ably. Before the comparatively recent discoveries in 
chemical science had shown to artists in what manner 
to procure this valuable colouring ingredieflt with suf- 
ficient facility and at a moderate cost, the makers of 
coloured glass employed the oxides of lead, silver, and 
antimony in com'bin action ; ’for the production of yellow 
colours ; varyin^'^ the proportions wherein each substance 
was used according to the hue which it was desired vo 
impart. 

Coleurs varying in their^shades from browm to a fine 
traftspafent yellow may be giVen to comm m glass by sim- 
ply adding tr' it, while in a state of j)erfect fusion, some 
vegetable carbonaceous matter. This must always be 
supplied in ex'cess, since part of it, rising to the top of 
the crucible, wdll be bufnt away ; but some portion will 
also continue unifonnly diftused tliroughout the glass, 
and, withou^ at all impairing jts transparent quality, will 
^ve to it 'I ve.'y fine yellow. ^Jlie substance wliich most 
commonly has been employed for this piSrpose is tartar ; 
but almosf any s<Jlid and inflammable vegetable matter 
will probably an sf^ei' equally w:;ll. Charcoal made from 
beecbwood is found to be altogether efficacious. ' The 
addition of a ilVnall quantity of nitre is sometiriies useful 
in clearing the colour and removing any cloudiness which 
it may have contracted ; but if great discretion be not 
shown in the addition of this substance, the colour will 
be altogether destroyed. During the time of its pre- 
paration, the glass swells very much in the crucible, 
owing to the escape of part of the cJtrl^onaceous matter 
in^the form of gas ; and when tartar is^employed, this 
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effect is experienced in an exaggerated degree. It is 
said that this eficrveseence fnight be avoided if freshly 
burnt and perfectly dried tfharcoal were heated strongly 
in a close ^essel^ and .added in that state^to t^^e contents 
of the crucible. 

The oxides of ircg^i give many and very different shades 
of enamel colours. It has already been nientiondd, that 
the green colour of common bottle-glass is owing to the 
presence of iron i^ the unpurified sea-sand i^d ashe^ of 
which it is coifiposed. An increased quantity of this 
oxide^ if applied to glass when in a state of perfect vitri- 
fication, will give a yellow colour to fhe mass. A stiU 
larger quantity will impart a brownish black hue, which, 
however, appears to be nothing more than a yellow very 
highly concentrated, as rhe latter ’col Air may be again « 
produced by simply diluting the contcnts'of the crucible 
With an additional quantity pf uneoloured glass. 

The red colour which is imparted by the oxides of iron 
to porcelain^ is owing to its state of in#perfecW vitrifi- 
cation, whereby ihe metal la held suspended iif a ^at® 
of minute division throughout the mass^* which same 
effect is indeed appastmt in the treatment of glass*up to • 
a certain ^oint ; but when in the advaifcing stages of 
vitrification the heat is raised so that a perfect fusion of 
the glassy substance as well as of the oxide is produced, 
tlie colour^is immediately converted to yellow. ^ 

Tlic use of the black oxide of manganeie correcting 
the impurities ftf the alkali employed in the original com- 
})08iti5n of glass, as well as in removing the ^reen tinge 
resulting from the presenac of iron iif the.!5and,*has already 
been explained. Where these imperfectionB do not exist 
in the orf]ginal ingredients, if manganese be added to the 
glass, it will impart; a pifrplish red colour. ^ This oxide 
also forms a principal constituent \n the production of 
black glasses it is most commonly used in combination 
witli nitre. If any portion of arsenical salts should be 
present in the«glass, it is altogetlier useless to attempt the 
employment of ibanganese as a colouring ii^edient^ 
since it# efficacy would be wholly destroyed. 

^ 2 
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All the simple as well as the carbonated oxides of 
copper^ when perfectly vitrified in conjunction with any 
kind of glass or fluxing ma^terial^ will yield a very fine 
greensand the chances of complete success ip the attain- 
ment of this are greater than attend the production of 
•most other colours. It apj-ears to he nearly a matter of 
indifirdrence which of the combinations of copper with 
oxygen are employed for the purpose. The preparations 
m^t usually chosen are either the carbonated oxide re- 
sulting from, the addition of sulphate oV copper to some 
carbonated alkali^ or that which is known as the mtum, 
which is copper oxidated and calcined simp'ly by means 
of heat and the access of air. 

("opper may be made to yield a carmine red colour, 
and if mixed with iron, a full deep red, by adding to 
the glass with‘<.which it has already been combined a 
quantity (< tartar. This addition must not- be made 
until the glass is in a state of perfect fusion, and the 
mixtuae should be worked bff without delay. It should 
w be'merttioned that when used for the production of these 
colours, the pxide of copper must be reduced to nrarly the 
reguline state. If the heat is cortinued long after the 
tartar has beren added, the effect will be lo^c, and the 
green colour restored. ’ 

When the oxides of copper and iron are thus united 
for dcveloprig a full deep rfd colour, the ir<on must be 
to tlvs cof per'^in the proportion of three parts t » one ; 
and according as this proportionate diffeffence is lessened, 
so will the colour be found to approach to the ckrmine 
tint. , - c- 

The time jor stirring in the tartar should be chosen 
when the melted glass appears of a faint greenisli yellow ; 
the whole mass will then infimediately swell up prodi. 
giously; and upon again subsiding will appear, as before 
stated, of a clear red colour, and fit for bein^ imme- 
diately used. It is probable that charcoad or other car- 
bonaceous matters might be substituted for tartar in this 
process with equal success. 

^Copper in a state of oxidation is o^n used when 
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combined with the oxides of nAnganese and iron for the 
production of black glass. 

The protoxide of chrominm may be used for producing 
a green colojir in §lass^ with as much advantage as attends 
its employment in the embellishment of porcelain, tliat 
substance being capable of sustaining without injury th^ 
highest heat of the crucible. Chrome is the siatural 
colouring matter of the precious emerald, and is found 
to be a very valu|ble substance in the composition •of 
artificial gems. • ® 

Oxide of cobalt is universally employecf for the pro- 
duction of 4)lue colours in vitrifiable bodies. The fine 
deep sliade which it imparts is unalterable by fire of any 
degree of intensity, and succeeds equally well with every 
different composition of glass. ^ • • 

This metallic oxide as also employed upwards the com- 
)9osition of othei colours : combined with tl^J oxides of 
lead and antimony, it furnishes a green ; and if mixed 
widi those of manganese and iron, prodq^es a ^ry fine 
black. * , • • • ^ 

Neij, Kunckel, and Fontanieu have Jeft in their 
writings many recij^s for the preparation of ai^ficial, 
gems through the employment of diffi*rent colouring 
materials. The directions, as given in the works of these 
autliors, d'ffer so importantly the one from tlie other as 
regards tl\^ proportions best fitted for the c^mpositibn of 
tlie fi^me article, that we m-e forced to believe either tifat 
some great errers have been committed on the part of 
their •subsequent editors, or that tlie* waters* themselves 
'were wanting in the ki#id and degree/ of knowledge to 
which they pretended, and which were Required to fit 
them fof the task they undertook, • 

A few of these Recipes, and sucli as appear most free 
from this objeciion, may be here ^iven. 

• Tlijp basis *of each of these compositions is most fre- 
quently either one of tlie colourless glasses or pastes 
described in. Chapter VII., or some other very similar 
vitreous compound ; but it sometimes happens that the 
• • T 3 
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constituent materials of the glass, and the proportions 
wherein they are to be brought together, are indicated as 
well as the colouring suhstanfces. 

The following is recommended by Neri, as furnishing 
a very excellent imitation of the garnet; — Rock crystal 
<2 ounces, minium ounces, mapganese l6 grains, 
zafire Q grains. This must be a very inconvenient 
composition, both oh account of the exceeding softness 
ofS-he glass and the destructive effect At would have upon 
the crucible , during the lime of its p/eparation. We 
learn from the analysis of Berzelius, tliat the colouring 
matter of the precious garnet,” that being! the variety 
which it is wished thus to imitate, consists of the black 
oxide of iron and oxide of manganese. A more modern 
recipe than the foregoivg for ‘the successful imitation of 
this gem, consists of purest wliite glass 2 ounces, glass 
of antimony 1 ounce, Cassius’s precipitate 1 graiil, 
oxide of manganese 1 grain ; which composition is 
free from objections to which that of Neri is so 
justly exposed. * » 

The directions of Fontanieu for imitating theb colour 
of the amethyst are, tliat to 24 oiiEces of the glass com. 
posed accordiirg to instructions given in Chap. \ II. under 
the number 5, arc to ht added lialf an ounce of tlie ox- 
ide of maganese, 4 grains of the purple precipitate of 
gold, and l\nz. of nitie, but it is imjiossible »to believe 
that tlie r<?cipei of Fontanieu has been correctly jiven. 
The quantity of colouring matter here indicated would 
be better proportioned to 24 pounds of glass, than to 
the same nuinbei of ounces as hrectetl. 

Many, aiuk greatly varying instructions have been 
given for imitating the emerald. Fontanieu reedmmends 
l60 parts of any glass basis wtiich contains a large pro- 
portion of lead, 4 parts of oxide of copper prepared by 
simple calcination, and of a part of anyrjoxide 

of iron ; which last ingredient is added for the pur- 
pose of giving something like a richness of tint, and for 
correcting the coldness of hue that would result from 
the employment of the oxide of coppeit alone. The 
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presence s>f lead in the glass would also conduce to the 
same^nd. 

Anotlier rule ^ven frofn the same authority directs 
the use of. 576 parts of glass, similarly constituted to 
that pointed out in the last receipt, 6 parts of the same 
oxide of copper, ai)^ only -pi j ^h of a part of oxide of 
iron ; thus differing from the former cornpouml, only 
as to the proportions wherein the colouring ingredients 
are employed. • • 

A third rece/\)t for the attainment of tlje same object 
is very different from the two preceding. It recommends 
the employment of 200 parts of fine^ sand, 400 parts of 
minium, 8 of calcined verdigris, and as much as 1 


part of oxide of iron. A fourth method for the com- 
position of glass of an emerald gfeen^s, to mix, in due. 
proportions, some blue glass coloured means of oxide 
of cobalt^ with yellow glass j)rejmred with oxide of anti- 
mony. A great many other prescriptions are offered for 
the imitatiqps of emeralds? but these vary moje in the 
relative propcjrtions of their ingredients thaif inp th^ 
principle of their composition; and it canpot, therefore, 
be necessary to insert them here. • • 

The iftiitation of sapphires is always effected through 
the colouring agency of the oxides of cobalt and man- 


ganese. There* is, however, a material difference as re- 
gards th» basis of the fjjjass in the vari^^s directions 
whiA are found for the purpose ; one reef m mending tRat 


this shall be composed without lead, and another direct- 
ing that this mineral shall enter largely iht(f the compo- 
sition of tile paste. "I^o ICK) parts of glass of tlie first 
kind it is directed that 1 part of zaffW, and V^^th of 
a part of oxide of manganese shall bemadded. Where 
the second description of paste is recommended as the 
basis, the artist is directed to pijepare this by adding 
*to 240 parts of glass /rit innde with only soda and 
silica, 192 parts of minium, 2 of zaffre, and J-d of a 
part of manganese. This compound must be fused to- 
gether^ poured iiTto water, and then reinelted as directed 

• T 4 
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hy Fontanieu, for the for&ation of the pastes described 
in Chapter VII. ‘ ♦ 

The oxide of cobalt is, in the present day^ a necessary 
ingredient in evpy imitation of the sapphire^ so that it 
is never attempted to act without it. We have seen, 
however, that a very fine blue glass ;w^as formerly made, 
having die oxide of iron for its colouring ingredient, and 
as it is known that the colouring property of real gems 
having that hue, resides in this metal when in some 
particular sta^e of oxidation, we must*t>wn to having 
lost, in this respect, one means of imitating nature, 
which was known and exercised by our predecessors. 

The coloured glasses comprised in the foregoing de- 
scrij»tionSj are all translucent. I’he preparation of others, 
which have the o^pofa*ite quality of opacity, is effected 
either by means*pf applying excessive doses of the same 
metallic oxides which, in smaller quantities, are used for 
imparting colours ; or by the addition to tliose oxides 
of some.. other .substance which has tlic property of ob- 
structing the rays of light iii their passa^^e through the 
glass. , ■ 

, In general, the first method is used only for the pro- 
duction of black glass, while the second plan is* pursued 
with all other descriptions, as well those which are 
designed to retain a permanent white colour, as* with yel- 
low, blue, groen, or any other , coloured opaques glasses. 

‘The. mow approved method of preparing black giass, 
of good quality, which shall be of a full deep black and 
perfectly opilqae, is by mixing together equal parts of 
black oxide of mangaftese, zaffre^ and protoxide of iron; 
adding one pa’ t of this mixture to fifteen or twenty 
parts of colourless transparent glass, and fusing the 
whole together. ' 

Some large and beautiful slabs of perfectly black glass 
have lately been imported into Lonilon from St. P/tters- 
burgh, and appear well fitted to be used as substitutes for 
marble iu the construction of certain articles of house- 
hold furniture. 
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White opaque glass^ whidh has this quality imparted- 
to k by means of the o^de of tin^ is called enamdi ; 
and it is this substance of which the dial-plates of 
watches ^nd of* table clocks are commonly piade. This 
compound is^ however^ too expensive lor more ordinary 
uses^ and a very ^od white glass is made for such pur- 
poses by substituting for the oxide of tin^ a coilsideralde 
proportion of phosphate of lime in the state of a very 
fine powder, {"his substance is procurable in great 
abundance^ aAd at a moderate cost^ i^ almost every 
situation. Phosphate of lime is extremely infusible^ so • 
that the d^aqueness of the glass witli which it is united^ 
arises from its holding in intimate mixture an unvitres- 
cible earthy salt. 

One receipt given by Keri far*producing white opaque ' 
glass is as follows: — Mix together CO^tarts of fine white 
•sand, and 40 parts, of potash, with 10 of finely pounded 
bone-ash, and melt the compound during the same 
length of time as is usually employed in ordinary glass- 
making. ^t«is said tliat^this glass is transpaitnt for 
long ^as it continues at a full red heat and that, as it 
gradually cools, it first puts on a milky appearance, and • 
afterwafds becomes wholly opaque. If»tliis change does 
in reality take place, and is not rather the result of a 
deceptio'Ji whirh prevents the proper distinguishing of 
its degroe of opacity wh^e red hot, it ma^ probably aristi 
froiQ the circumstance that the exceasive. heat of Ihe 
melted glass •enables it to take up a greater quantity — 
in ftther words — to supersaturate itsm nfith the phos- 
phate of lime, which k parts with ag&in in cooling. 

Another receipt of the same artist is ISO parts of cal- 
cined flint or fine sand, 70 parts of nitre, 12 of borax, 
12 of tartrate of potash,* 5 of arsenic, and 15 of bone -ash. 

Fontanieu has given direction^ for imitating the pe- 
• culiv* lustre of the sgmi-transparent opal, by mixing 
576 parts of his glass No.S. (Cliap. VII.), with 10 parts 
of muriate of silver, 2 parts of magnetic iron ore, and 
26 parts of bohe-ash. The beautiful play of colours 
exhibited b}*the precious opal” is d^ervedly an object 
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of much admiration^ anditiKas always been a subject of 
interest to imitate successfully so ])leasing an effect. 
Ornamental pieces of opal glass have usually been ob- 
tained from France ; but their production, of a quality 
fully equal to these importations, may now be witnessed 
inf'the London glass-works. ^ 

The peculiar delicacy and beauty of this glass do not 
appear while it remains in a state of fusion or at a red 
heat; and are not fully developed untiUit is sufficiently 
cooled to have acquired its quality of brittleness. 

Other coloured glasses which are opaque, are made by 
die same processes as are followed with transparent 
glasses of the like colours, substituting for the common 
vitreous base, one of the above described, opaque-white 
glasses. 

'u 

The ancients employed methods .of converting co- 
loured glasses into rejiresentations of natural objects, 
which were extroinely beautiful, and the manner of pro- 
ducing winch is now lost. I'ne existenceveven of this 
art is only known in these modern days from specimens 
which iHive been accidentally discovered ; and our know- 
ledge of the peculiar nature of their formation is wholly 
derived from the examination to which these specimens 
have been subjected. 

The first mention made of tljese works of art* is to be 
found in the ^^'Cohection of Antiquities,’' by cfliant 
Caylus, who descrilied them as coinposeh of delicate 
different-coloured fibres of glass joinccl wdth the greatest 
nicety, and cOnglutinaWd into a» compact homogeneous 
mass by fusion. «H'^inkelmann, in his “"Annotations on the 
History of the Alts among tlie Anejents," describes these 
same specimens as pictures madb of glass tubes, and in- 
troduces them to furtl^er observation by these words : — 

The works of the ancients ip glass which arG* not 
noticed in the history of the arts, deserve particularly to 
be mentioned in this place, more esj»ecially •because the 
ancients cturried the art of working in 'glass to a much 
higher degree than we have arrived at; a fliCt which, to 
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those wjio have not seen their works of this kind, might 
hawB the appearance of a groundless assertion." 

The author^ just qudted particularly describes two 
small pie^pes of glass thus constructed which.were brought 
to Rome in the year 1 ^ 65 , and which, indeed, appear to 
have been weU dqperving of his careful examination, •as 
confirming the opinion he had given respectiitg the su- 
perior proficiency of the ancients.* The account of these 
curiosities canned be better given than in ^inkelirftinn’s 
own words : — Each of thqm is not ^ quite one inch 
long, and one third of an inch broad. One plate ex-» 
hibits, od a dark ground of variegated colours, a bird 
representing a duck of various very lively colours, more 
suitable to the Chinese arbitrary taste, than adapted to 
show the true tints of ‘na'turt* • Tile outlines are well ■ 
decided and sharp; the colours beautiful and pure, and 
• have a very striking and^ briHiant effectf because the 
artist, according to the nature of tlie parts, has in some 
employed ^an opaque and ‘in others a M*anspaj;ent glass- 
The most dedicate ])eucil*of the miniature pahitcf could 
not have traced more accurately and distinctly either the 
circle of the pupil of the eye, or the apparently scaly* 
feathers on the breast and wings, behmd the beginning 
of which this piece had been broken. But the ad- 
miration of rtie beholder is at the* highest pitch when 
by turning the glass, h| sees the same ^ird on the re- 
venK?, without perceiving any differenae io 'the*sm&est 
points ; whAice w^e could not but co^nclude that this 
picture is continued through the wl.ole thfekness of the 
specimen, and that if tiie glass wA-e cht transversely, the 
same picture of tlie duck would be found repeated in the 
several slabs ; a conclusion which wasf still further con- 
firmed by the tjansplrent places of some beautiful 
colours upon the eye and breagt that were of>served. 
Th^ painting has* on J)oth sides a granular appearance, 
and seems to have been formed* in the manner of mosaic 
works, of single pieces, but so accurately united, that a 
powerful magnifying.glass was unable to discover any 

juncttires. •This circumstance, and die continuation of 

» • 
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the picture throughout the whole substance, rendered it 
extremely difiicult to form aby direct notion of «the 
process or manner of forming such a work ; and the 
conception of it might have long continued enigmatical, 
were it not that, in the section of the fracture mentioned, 
lines are observable of the same colours which a])pear 
on the upper surface that pervade the whole mass from 
one side to the other ; whence it became a rational con- 
clusion, that this kind of painting must have been exe- 
cuted by joining variously coloured filamlmts of glass, 
vand subsequently fusing the same into one coherent 
body. The other specimen is of almost the same size, 
and made in the same manner. It exhibits ornamental 
drawings of green, white, and yellow colours, which are 
Ixaced on a blue ground, and represent volutes, beads, 
and flowers, resting on pyramidally converging lines. 
All these are rery cbstinct and sepanitt*, but so extremely 
small, that even a keen eye finds it difficult to perceive 
tlie subtle, endings ; those, in ‘particular, in which the 
volute;-, terminate ; notwithstanding wliicb, these or- 
naments pass uninterruptedly through the whole thickjiess 
of. the piece.** 

Klaproth, wlis' had in his possession some specimens 
of these antique compositions in coloured glass, compiled 
a paper upon the suliject, which was read before the 
Royal Academy of Sciences at l^rlin, in Octoben, 1798; 
and thecollectioijof antiquities formed by .dr. TownJey, 
comprised a ring which contained a singular antique 
glass paste, whicli represen te<l a bird of so small a de- 
lineation, as not td lie '^distinctly cdsible without the aid 
of a magnifying lens, and which yet had every ap- 
pearance of havhig been produced in tlie manner de- 
scribed by Winkclmann. Numerous witique specimens, 
similarly composed, are deposited in the Ikitish Museum. 
They are for the most part fragments; and it is to br> re- 
gretted that we are without any records of their origin. 

Keysler, the account of whose travels to different parts 
of Europe in the early part of the last century contains 
a great variety of entertaining and instructive matter. 
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has giyen the following description of a mode of com- 
poaing pictures in coloured glass^ which was at that time 
employed in decorating* some of the churches in Rome. 
It will seen thqt the method pursued ]py the Roman 
artists in some rcsjK*cts resembled that used for the com* 
•position of antique pastes, as described by Winkelmann. 
Recourse ai)pears to have been had to this mmle of pro- 
ducing pictures, in cases where the original paintings on 
wood or canvas| were perishing through tlie dampftess of 
the walls, and w^here it was wislied to s^f>ly their places 
with copies composed of an imperishable substance. • 

Tin? materials used are little pieces of glass, of all 
tlie different shades in every tint or colour like those of 
the fine Jinglish worsted used in needle-work. The 
glass is first cast into *thln cAltes, Vhich are afterwanla* 
cut into long pieces of different thicl^ess. Many of the 
• pieces used in tli^ works on*roofs and ceilings, which 
are, consequently, seen only at a great distance, appear 
to be a finger’s breadth ; hut the finer works consist only 
of glass j»iri|, if I may ftill iheiii so, not thieker^th^n a 
conynon sewing needle, so that a portrait of four feet 
square shall take iip two millions of such pin»or studs/ 
These hre so closely joined together, that, after the piece 
is polished, it can hardly be discerned to be glass, but 
rather looks hke a picture painted A^ith the finest colours. 
The ground on which jliese vitreous pi^es are inlud is 
a paste compouniled of calcined marWe, fine sand *^m 
tragacaiith, %hite of eggs, and oil ; h is at first so soft 
that the pieces are easily inserted,* anti if])on any over- 
sight may be taken out again and th^ paste new moulded 
for the admission of other pins ; but by degrees it grows 
as hafd as a stone, so that no impr^sion can be made 
on the work. . • 

This paste is spread within^a w'ooden frame, whicli 
for^the larger pieces ^must not be less than a foot in 
breadth and thickness. A piece of about eighty square 
•feet, if performed with tolerable care and delicacy, will 
employ eight tfrtists for two years. 

^^^'he lykis of the several colours lie rea^y before the 
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artists in cases^ as the letters are laid before the com. 
positors in a printing-house ; and such is their accunacy 
in imitating the finest strokes of the pencil^ that die only 
apparent difference betwixt the original painting and 
such a copy is, that the latter has a much finer lustre, 
and the colours are more vivid.** 

An aciadent occurred many years ago in the plate- 
glass works at St. Gobain, wliich seemed to offer the means 
of obtaining A bright red colour for gla^ by the employ- 
ment of copper, at a much less expense thati has hitherto 
uSttended the production of that tint from gold. 

It will be remembered that, in the manufacture of 
plate glass, when the refining is completed, and it is 
wished to transfer a portion of its contents from the 
melting pot to the feuvette, a copper ladle is employed. 
It is necessary, wljpe using this implement, to dip it oc- 
casionally iiite water, lest it should become too Jiot and 
warj), or possibly melt. On the occasion referred to, the 
workman having, omitted this’ necessary precaution, the 
last of thene misfortunes ensued-; dipping thf^ heated ladle 
once too often in the melted glass, only part was brQpght 
,oiit attached to its iron liandle. 

It was imagir'id that the cop[>C'r thus meltcu would 
sink, by reason of its greater gravity, to the bottom, and 
would be found there in the metallic state on tb*? empty- 
ing of 'the pot.^ The casting and annealing of the plates 
were’ procec?ded with accordingly ; and, on their cem- 
pletioii, the workmen were surprised to find ‘•that not only 
were grains of m'ecallic copper embedded in the substance 
of the glass, but bands uniformly coloured of a fine bright 
red were distributed throughout the plates. 

The colour must, in this case, liave been produced by 
the copper, which was sudilenly ‘^carried to the degree of 
oxidation necessary for its developernent. M. Guytoii- 
Morveau, when infojjmied of this ciicumstarfce, de- 
sirous of ascertaining, by direct experiment, what means 
would be most efhcacious in producing the same effect. 
The result of his endeavours has been potblished.* 

* Ad de Chim. vot IxxiiL p. 132. i 
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The first attempt was made with plate glass. In order 
to ^ring the glass and copper into more intimate union^ 
the first was reduced to powder, and the other was used 
in the form of%lings. The metal was used in the pro* 
portion of 3 parts to 1 00 parts of gfass : this mixture 
was brought to a state of complete fusion before the glass 
was poured out. *No success attended this experiment, 
the glass appearing uncoloured, and the copper remaining 
mixed with it mechanically in the form of*metalli€ glo- 
bules. • * ^ • 

The next trial was made with common white glass,, 
mixed ^th twice the proportional weight of copper 
filings that liad been employed in *the first experiment. 
The com])ountl having been completely melted, was found 
to have assumed a red rtdour, .whicb was uniformly dif- • 
fused throughout the mass ; but this ^lour was so deep 
• as to render the glass nearly opaque. • 

A trial made w'lth copper, already in the form of an 
oxide, imparted a greenish colour to tli^ glass^ 

It is intpossible not to*remark*tliat the ciraumttanpes 
under which these experiments were conducted, as detailed 
by iCl. G uyton-Mqrveau, differ in some essential parfi- . 
culars fnoni those which accompanied the#ccident by which 
they were suggeste<l. In that case, the glass W’as already 
in the state oli fusion, and probably also in a high state 
of incai^lesccnce before the addition of the copper. The 
prqjtortioii of metal useft in the second Txjjeripjent* Was 
evidently excessive ; and it is surprising that the effect 
produced did not lead M. Guyton*- Mbrvcfiu to try the 
effect of a smaller proj^ortion. * • • 

Attempts have been made to colour glgss by subjecting 
it to tlie action of heat, wdiile surrou»ded by some ce- 
menting substances alseady impregnated with metallic 
oxides as colouring ingredients. In most of these cases 
the class remained perfectly colourless, unless the heat 
hadl)een carried siifticfently far ’to induce devitrification; 
which statev as it renders the material opaque, furnishes 
sufficient objection to the use of this method of colouring. 
Even*in thc^e cases where transparency is not required, 
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the same effect can be attained by easier means^ and free 
from a very serious inconvenience, that of the adhesion 
of the cementing substance to*the glass. Some curious 
facts connected witli this subject will b^ detaikd in the 
concluding chapter of this volume, which treats of the 
devitrification of glass. 


4 
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CHAP. XIV. 

ON T11£ ABT of 'STAININO AND PA2MTilifa GLASS. i 

THIS ART MORE RECJWT THAN THAT OP COLOURING. ENCOU- 
RAGED BY THE MONKS. EARLY SPECIMEN AT ST. DENIS. 

ART NEVER MUCH CULTIVATED IN ENGLAND. SPLENDID 

PAINTINGS AT GOUDA. DIRECTIONS GIVEN BY OLD AUTlfoRS 

FOR C0MP06IN« COLOURS. FLUXES. ~ VEHICLES FOB DI- 

LUTING COLOURS. — DESCRIPTION ‘of VABlOUlf §TAINa. — ME- 
THOD OF FLOATING TIIFSE. OF PAINTING ON GLASS. — 

« 

IMITATJON^OF GROUND GLASS WITH TRANSPARENT PATTERNS,— 

DESCRIPTION OF KILN EMPLOYED. METHOD OP FIRING. — 

SECOND AND THIRD FIRING. ANCIENT METHOD OF FIXING 

DIFFERENT COLOURED GLASSES ON ^/aCH (A'HEK. « 

Xhe invention of thct art of painting on and staining 
glass, altnough probably recent as compared with that of 
colouring the body of the Anetal when ip fusion, is yet 
known to have existed for jnany centuries. ♦ • ^ 

The exact period of its adoption is, indeed, involved 
in raid:h obscurity ; and it can, at best, be regarded ai^ 
only a reasonable conjecture, which assigjis its principal 
excellence, if not it§ origin, to the fostering care of those 
religious communities which, upon breaking up of 
the great western empire of Rome, becaTxie> and f5r so 
long a penod thereafter c^tinued, tlie s|^li depoi^tarfbs 
of learning an4 the arts in Europe. 

Endowed by the piety or superstitiofPof 4heir unen- 
lightened followers wit1| revenues iar beyond their per- 
sonal wants, the clergy of that time exp^ded a portion 
of their tsuperduous wealth in the construction of those 
splendid temples whidi attest to the present day the 
architectural skill and genius of their founders, remain- 
ing unsurpassed and almost unrivSl^ in their kind as 
object! of admiration thihugfa, a greafportion of Europe. 
The minister^ of a religion which addressed itself to 
ima'ginations and^he feelings of its votaries, they could 
not, pevhaps, liave adopted more effectual i&eans for 
. V • • 
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obtaining and peqietuating their influence over the mul- 
titude. Some idea of the extent to 'which these n^ieans 
must have operated may be -formed by every one who 
recalls to mind the sensations of solemility amounting to 
awe whereVith 'he has himself been struck ‘as he has 
^tood beneath the lofty sculptured arches of a cathcciril, 
or walked through its lengthened *aisles, radiant with 
tints glowing through emblazoned window's. 

The earliest specimens of these embellishments difler 
from those Of more recent date in havfngkbeen formed of 
small pieces, bf glass cbloured throughout during the 
process of its original idanufacture^ and which^ to dis- 
tinguish it from glass coloured or stained by the methods 
that w’ill be hereafter described, has been called by artists 
, pot metal. Pic'cis of jhis,* cat to the shapes required, 
were joined together in the manner of mosaic by the 
interposition of lead, in a way w'hich has since faller 
greatly into disuse ; the method of kaining ami burning 
in metallic cojours on the rurface of the glass having 
found far more beautiful, admitting^ of greater va- 
riety of tints, as well as of those delicate shadings which 
^were ipanifestly unattainable by even the most laborious 
composition in^mosaic work. » 

Perhaps the oldest existing specimen of this later-dis- 
covered art of painting on glass is to, be sqeii on the 
windows of the abbey of St. Denis, whereoi\ were re- 
corded, iiv 1 various events W'hich occurred (Inning 
the first crusade. t 

This artthas'ncver flourished to any great degree in 
England, wibere^al no time haye men of genius been 
much encours|(^ed to apply their talents to its advance- 
ment : many among the most admired specimens of 
painted glass which ornament ^ur reHgious edifices, are 
the productions of foreign artists. 

The great chur|^*at Gouda, in Holland; is splendidly, 
embellished with painted, win‘dow.s, which, about the 
year 1555, were executed by variou.s artjsts, the most 
celebrated among whom were Dirk antf. Walter CIrabkb. 
50be one* among the windows which is t^e most highly 



CHAP. XIV. STAINWO AND PAINTING GLASS. Spi 

• 

esteemed was painted by the ^rst mentioned of these two 
brothers ; and Mr. Hollis 'mentions, as evidence of the 
value placed upon this wbrk of art, that for the lower 
part of tjiis window, — about twenty fget sqpare, — Mr. 
Trevor, some time English resident at the Hague, had 
ih vain offered to gjive a solid plate of gold of tlie same 
surface, and of the thickness three Dutch gifflders. 

This particular division of the*fine arts differs from 
other branches in^ontaining within itself fe^er incenfives 
to its prosecution. Its practice js accompanied by various 
laborious and differing processes. Tlie range of subjects 
which it limits is far more circumscribed, and the op- 
portunities which it offers for the display of excellence 
are far less frequent. The artist is even without the 
gratification of witnessing' the* Satisfactory progress o# 
his own work, the appearance of whieVis comparatively 
\lull and uninteresting unty after it has paftsed from his 
own hands into those of red Lemnos^ artisan.'' The 
sculptor and the painter irToil colours can seldiMn fr^il in 
procuring mc^ns for exhibiting their works; s(f thJt, aa- 
cordyig to the degree of talent evinced* by them will 
generally be their oncouragement and reward; labile thp 
man wlfo has coinjuered every disadvsHitage attending 
the processes of staining glass, and who may have pro- 
duced a •piece,* the coiice[)tion and execution of jvhich 
are alikot honourable to j^is genius and ajjjiiduity, rnj^ht 
loo]% in vain for the opportunity of hriftging its* merits 
before the wofld. These works have, J^ereforc, seldom 
if eter been undertaken, unless at the requirement of 
others, who, dictating •both the 5hbjt"ct aifd its details 
a('Cordiiig to their own peculiar tastes affd wishes, leave 
nothinff wherein the .superior talents df the artist can 
be (lisplayed, sava the Correctness of drawing and the 
elaborateness of execution. A nvin of genius will not 
• cons< 4 ^it to be thus trammelled, or follow, for tlie attain- 
ment of a precarious recompence, one profession, when, 
by bringirigoto the exercise of another the same amount 
of talent, and fat less labour, he may at once^ive scope 
to his*conceptions and advance his worldly interest^. 
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A much wider field thah presents itself for the exer- 
cise of this art in England^ is* certainly offered in catholic 
countries, where not only is if more in accordance with 
the feelings^ of the people to ornament their, religious 
edifices, but where a much freer scope is given to the 
artist in the choice of subjects for ei^belllshment. 
pular legends of the s^nts in honour of whom their 
churches are named, tvhich are shut out by our simpler 
form of woi'sihip and severer religious t^scipline, afford a 
never-failing^source whence these subjects *fnay bfe drawn; 
while he who labours for the adornment of a protestant 
church, is restricted to subjects founded upon liiere scrips 
tural authority. England has, indeed, within the last 
half century, produced some few proficients in this art, 
srhose productions “would do hdbour to any country: but 
the encouragemet^t extended towards these talented in- 
dividuals har been too limited to raise up, as jn otlier 
pursuits, a succession of masters ; while some, by whom 
it has at , first been embraced;* have been allured from it 
by the more general dnd libetal patronage accorded to 
the professors of oil painting. f' . 

f Stainnig and painting on glass differ in some respects 
from all other styles of pictorial embellishment. They 
agree, however, genefally with the proceswses used in 
painting porcelain, 'not only in the nature of .♦he sub- 
stances to be embellished, and in the material ; whence 
tlie^colqurs*^r 'derived, but likewise for tlie most part in 
the methods us/*d for the application of '..hose colours, 
and in the ntcestity* which exists for fixing them by ex- 
posure to a high dggree of heat. . The art is, indeed, in 
most particuiarr, so extremely analogous to the methods 
employed for painting porcelain, and which have‘klready 
been treated of in this volume/ that Jt will not be ne- 
cessary to occupy much space in its description. 

The colours are drawn from the same class of natural 
substances as afford enamel, colours ; they are prepared, 
and for the most part are applied, in the seme manner ; 
while any difference which may be found to exist in the 
mode of fixing and bringing out the effect rof colours by 
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the aid 9f fire, are more refeAible to the varied forms of 
the articles than to any actual difference observable be- 
tween the habitudes of gl&ss and porcelain. 

Boyle, ^in one of his letters on the subjecj of imbuing 
glass with metallic colours, wherein are detailed some 
experiments which he himself made in order to obtain 
a ruby colour, relates also an ai^ecdote of an artist, who 
wished, for some purpose, to prepare an amalgam of 
gold and mercujy. With this view he jfept the*two 
metals for sotTie time together in a state of fusion in a 
glass retort, when this at lengt^ burst withe tremendous • 
explosion.* Mr. Boyle adds, that he saw some of the 
fragments,* and he declares them to be of the finest ruby 
colour he ever beheld. 

Many directions are to He found ifi the works of old 
writers for the composition of stains a^ colours. Some 
\>f these affree very flosely \yith recipes in u«e at present, 
while others are evidently incorrect or incomplete ; it 
being impossible, by follov^ng them, to (d)tain tjie colours 
whicli they atjc said to futnish. 'I'here appeafs t& haj'e 
always existed a spirit of exclusion on tjje part of pro- 
fessors of this art ,• and it has been said that ^his je^ 
lousy his even weighed with those among them who 
have written on the subject, so fir as purposely to give 
false dirA'ctions, that students might be deterred from 
the further prosecution gf their attemj^ It is more 
charitable, and at the same time mord^opsonant wfth 
probability, tcJ imagine, that the errors which abound in 
thest works are owing rather to the carelesShess of tran- 
scribers and editors, than to wilful^ muf-statanents on the 
part of the authors. Let this be as it»may, it still is 
certain 'that until the period when M.^rongniart pub- 
lishe<l the results of his«experirnents and practice in re- 
gard to enamel colours, the public^ was not in possession 
of aiy inforihation whereon reliance could safely be placed 
for their production. 

Various compositions are recommended to be used 
with the colours fiuxes, in order to promote their fusion 
• u 3 * , 
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'when exposed to the heat the furnace : these compo- 
sitions are termed hard or soft fluxes^ in proportion as 
they require a greater or iess amount of heat for their 
perfect fusion^ and for the production oi their' full effect 
upon the metallic oxides with which they are joined. In 
choosing between them, regard must be had to the p^-, 
culiar nature of the individual substance or compound 
wherewith they are combined, that the flowing of all in 
fusitn may ‘‘take place as nearly as possible together. 
With this view, it is evident that a wastfe botli of time 
and labour would lx? experienced, if any hard flux were 
used with an oxide wdiich could be brought id melt at a 
low heat ; and, on the other hand, that it would be still 
more improper to use a soft flux with oxides whidi are 
more refractory, seJfeing' that the proper incorporation of 
the two substanofs could not ]iossibly in that case Ixj 
occasioned. < 

Oxide of lead forms a principal ingredient in many 
fluxes. Jt is necessary, however, to be sj^aring in its 
use wher^ it is required to produce pink colours, as 
tliese would bt; injuriously acted upon by any excessive 
quantityt'of lead. Its place may in such case be advan- 
tageously supplied by borax- 

A fluxing compouiKt, verv generally used, is made by 
the union of thirty-two parts of flint glajs with twelve 
parts of pearl-Ash, and two parjs of lx)rax ; which com- 
po&ilion will, fu^3 at a medium lieat. If it shouM be 
required to render this more fusible, such !in eftect may 
be gained ei flier ^ by" substituting for the {>earl-ash iV>ur 
parts of red oxide of lead, or by increasing proportionally 
the dose of borax ; and if, on the other hand, it is de- 
sired to produce*a hard flux, this end may be a'ttained 
by omitting the borax altogether, and adding an equal 
quantity of common t^ble salt. 

The directions for the preparation of fluxes for porce- 
lain, which will be found in another part of this volume, 
apply equally to those which are to be used? with glass, 
and it would be therefore useless to repeltt them here. 

When eiiamel colours are applied to glaris, they are. 
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besideB ^heir union with a fluking material^ mixed in the 
sama manner as fdr painting on porcelain, with some 
substance as a vehicle for causing them to flow readily 
from the, brush, and at the same time to nrevent the 
colours from blending themselves one wim the other 
during the operation; Oil of lavender, balsam of capisi, 
oil of turpentine or of amber, or sometimes gimi water, 
are employed as this vehicle. The choice of any par- 
ticular substanc^ must depend, as in the*painting on 
porcelain bodh!s, upon the nature of the cAouring mat* 
ters employed, and is of no real consequence to the ulti- • 
mate app&arance of the glass, since the whole will be 
entirely evaporated when submitted to the intense heat 
of the furnace. 

The colouring compounds Jfiiviii^ been previously 
ground with an appropriate flux upon^either a porphyry 
^or strong platc-gla^s palette, by means of a*mulJer of tlm 
same material, must again be ground in the same man. 
ner, and reduced to a proper consistenc 3 fcwith yie vehicle 
just mentioned. The artist will 'do well to prepare^at 
flrst^a sufficient quantity of every colour jequired for the 
completion of the abject wdiich he has in hand > it beii)g , 
cxtrcnifly difficult, if not impossible, •to produce tints 
identically the same at any sabSequent time, although 
the greatest attention be paid to th(? proportions of their 
ingreditmts. The injury which may be thus occasioned 
to ahe beauty of the piece need not he Sifsi^ted upon? • 

Many subjects may be painted on glass by persons 
wlrt) have not acquired any pi*evioh8Tcnotvledge of the 
art of design. The transi)arent*natflre o^ the material 
enables the artist to see distinctly both the outline and 
the sli&ding of any pattern which may*be fixed upon its 
under side. The outlines of every such pattern should 
be decidedly given ; and the whqje contour and shading 
mu|t be at'once ol)viop when looking on its up})er sur* 
face. When the pattern paper’is laid horizontally upon 
the glass, k must be secured by wafers at each of its four 
corners, to pr^ent its shifting ; the glass must then be 
placed upoai an easel similar in form to a music-stand;i 
. u 4 ^ • 
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and fixed steadily upon tfte table. Means should also 
be taken to prevent the slipping of the glass uponi^the 
easel^ by passing a string across its face in any position 
that will secure this object, without interfering with the 
subjiect intended to be drawn. 

^To support the arm of the artist while he is employeti 
in painting, as it would be improper for him to touch 
the glass, it will be necessary to use a rest stick, in the 
mamier obsetved by artists who paint with oil colours. 

It is considered advisable to trace the 'outline, in the 
. first instance^ with common Indian ink much diluted, 
before using for the purpose tlie pencil coldur, about 
to be tl^scribed : the reasons for which are, that the 
strokes will admit of easier correction, and that a rough 
^ line will be thus Ibrmtd upon the surface of the plate, 
which, drying in^piediately after the application, serves 
to direct the /point of the brush when chargeri with the' 
colour, and to occasion the delivery of the latter witli 
greater ease and, regularity than w'ould be otlierwise at- 
tainable; by this means tlie artist may avoixl any patch- 
ing or altering of the outline, which would seldom, fail 
, tp rendev the work rough and unsightly, but wdiich must 
be resorted to if the lines prove unequal or imperfect. 
Faults of this kind may", indeed, be partially corrected 
at any period of (he ’proeess ; but as the ^lass enust be 
fired anew after each application of colour, and> as the 
firings cpnstituWhe principal part of the cxj)ense, ir' is 
of course advisable to exercise all possible csrrefnlness, in 
order to avoid, as^i’af as possible, the necessity for tlnrir 
repetition. ^ 

The colour most usually employed for drawing the 
outlines and for ©shading difterent subjects, and Which 
is therefore called by artists, outline or pencil colour, is 
made of the saffron-coloured oxide of iron commonly 
known in the shops by the name of crocus rmrtis. This 
oxide must be well ground im combination with an equal 
weight of soft flux upon a porphyry or plati-glass pa- 
lette, as before directed, and subsequently also with oil 
of amber as* its vehicle. To provide for the preservation 
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of its proper degree of consiltency, the addition of one 
or two drops of balsam of*capivi may be needed; it is 
desirable, however, to mtfke as sparing use as possible 
of this su])stance, which sometimes, when evaporated in 
the intense heat of the kiln, will, through its greasitfess,* 
indispose the glass ^from taking the colour properly; and 
little vacancies may in consequence be left unoccupied, 
and requiring to be subsequently Supplied. The pencil 
colour thus prepared is a dark-reddish brofim, and* re- 
mains unalterdlfl ny the heat of the furnace. In order 
that the outline, while it is sufficiently cfetided, may at 
the same time be fine and clear, the^ pencil colour must 
be used as little moistened as will admit of its ilowing 
from the brush, and until it has become perfectly dry 
and hard upon the glass,* nb suh^cqu^nt part of the co% 
louring process should be commenced. 

' If when* the pattern is waferetl on the glass, and the 
outline has been completely traced, it is desired to make 
one or more copies of thtf figure upon ♦other, plates of 
glass, this may be done wiffiout reiboving the p«pei*frojp 
the fvst, by simply placing the second ajd other plates 
in succession upon that to which the pattern is Atachedi 
the transparency of which will admit vof the outlines 
being traced with the same facility as if the pattern had 
been trai^sferred to each individual j^late. 

The b«st crown-glass k generally chos^i for painting 
or training, as being most transparent^njb free frbln 
colour, • 

IHie colours must be laid on with *aTongibaired sable 
pencil ; its handle must be of a length utneb will allow' the 
artist to use his hand with freedom, and should be securely 
attached to the brush, so that the two cadnot become dis- 
united. If such aa accident were to occur as the falling 
of this brush charged with colour,,it would be impossi- 
* ble adequately to repairjthe mischief by any means short 
of obliterating the whole, and beginning the work anew. 

The shading and colouring are very frequently per- 
formed upon opfjosite sides of the glass ; an^ this con- 
dition is almost invariably observed where the colour to 



OLAS8 UANUFAOTVRSl. OfilAP. XIV^ 

he applied ia one which cah be made to flow with suf- 
ficient freedom, or, to use ‘ the phrase employed by 
artists, which can be floated ofi the surfjice of the glass. 
^In cases, to^, where it is desired to. produce tjnts, such 
as many shades of green, which would result from the 
admixture of two diftferent colours, jthis same eftect fa 
produced by applying one of these to the face, and the 
other to the reverse, df the glass. 

Tliere are^only tliree colours, strictly^ speaking, which 
can be floated^ on, and which are called ** ataimf to dis- 
tinguish them from others which must be laid on by the 
strokes of a brush. These stains are orang^*, red, and 
lemon-yellow. They are composed according to the 
following recijies : — 

- Orange stain. •iVIelt 'together in a crucible 2 parts 
grain or virgin %‘'lver, and 1 part of crude antimony. 
When cold, tliis compound must 1)0 pounded and sifted/ 
and when used, must be mixed with () times its own 
weight of Venetian red, andMfluted witli cold w'atcr to 
tlje consistence of cream. " 

In floating dus stain upon the glass, a large c?mel- 
hair peifcil in a swan’s quill, or a flat varnish brush of 
the same matcriU, must l)e used. The glass should be 
taken in the left hand* while the other is employed in 
floating the colour ;*tlie movements of thfe tirst-being so 
managed, that^he stain as it yiits the brush may float 
gently and’twelRy over the surface. If, after thisji the 
glass is placed a^)on a le\el table, the stain will dry in 
about twelve hours/ when it is in a fit state for the Iviln; 
and upon the application of a moderate heat, a deep gold- 
coloured stain will be i)roduced, which will have pene- 
trated the substahee of the plate, atjd which will continue 
Qnim]r>aired by time. A lighter- coloured orange stain 
may he obtained by ipereasing the proportion of Vene, 
lian red, relatively to the quantity' of silver aiu^ an-^ 
timony. 

lied stain. In no particular is the difference between 
ancient an^ modem stained glass more* observable than 
in the absence from the latter of diat bi^iant ^arlet 
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tint, which is most generally^seen on the first, aild the 
art of producing which appears to be lost. The red 
colour wliich arjists are ifow accustomed to employ as a 
substitute for this, is tame and cold in jcoinparison ; and 
to give it any good effect, requires the aid of artifice, in 
jfiacing it amid bylliant lights, or surrounding it with 
cold colours. The modem red stain is produced by 
adding, immediately before it is a*pplied, three drops of 
sulphuric acid to^each pint measure of th^ orange ?tain 
last descril)ed :* precisely the sj^me methods must be ob- 
served for the application of bpth. • 

Lemon-yellow stain. This is ipade by adding to 
1 part of pure silver (precipitated) 12 parts of finely 
powdered pipe-clay. These must be mixed together in 
a basin with cold water to 'the* proper consistence, and 
floated on, as l)efore described. The«Tint of this stain 
tnay be yndered ligliter or (IcepeV by adding to or taking 
from the ])roj)ortional quantity of the pipe-clay. This, 
as well as ^the A’enetian rfd, is of no efiect in the pro- 
duction of cokiur ; they at‘t only as vehicles a^feistftig /o 
sprei^^l the metals ecjually over the surtao#? of the glass : 
of course the greattr their proportions, the smaller will 
be the (juantity of colouring substance upon a given 
surface, and the lighter will be the resulting tint. 

Ill askiition* to the above three stains, a fine ^ans- 
parent gfecn may be alsq^roduced by ^t staining^the 
glas« on one side witli lemon-yellow, arfu th6n painting 
it on the reverse side with a blue cqjyur. This com- 
bination will certainly not possess the same degree of 
clearness as is imparti^ by the wmple usd of either of 
the three stains which have been deserfbed, but it will 
have a "good eflect when used to represdht foliage or for 
drajjieries in situations \^ere recourse cannot well be had 
to the use of pot metal. • 

• A^iere many cblouijs are einployed which must be 
laid on with a brush, the artist will apply some to the 
face, and others to the reverse, consulting his own fancy 
or convenience in regard to this disposition qf the tints. 
The r^e ivhich forbids the application of another colour. 
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until «ne previously laid oA shall be perfectly dry, ap- 
plies in all cases^ and must be observed as well in cover- 
ing the opposite surfaces, as when various colours are 
applied to the same side. 

\Then all the' tints are laid on, and are thoroughly 
dijed, the glass is ready for the first burning, the maif^ 
ner of oanducting which will be hereafter described. 
After this has been p^ormed, and the glass is removed 
fronf the kiHi, the artist should proceed to scrape off the 
superfluous colours which remain upon ife surfaces. If 
. in the performance of this^ process care is taken to remove 
each one separately, these colours may be grbiind with 
a fresh portion of the vehicle, and employed on any future 
occasion, as their colouring properties will be perfectly 
vninjured. The ^ostliaess ‘ o!‘ some enamel colours 
renders this an o}.»ject of some moment. On the com- 
pletion of thin scraping, it will be seep that the glass hai^* 
been penetrated by the colours; and if due care has been 
taken in ,the choice and pr^aration of the colouring 
Ip^tei4als,«an(l the previous processes have Jieen properly 
conducted, the^e will be no necessity for any fresl^ ap- 
jjication* of colours : if even a few spots should appear, 
they will be renv)ve(l by a second burning, wdiidn at the 
same time will considtfraUy heighten and bring out the 
colours. Should tlfere, however, be any imj)e«fections 
either in the stain, or painting, or pencil shading, these 
mist be repfyrbti by the artist previous to consigning the 
glass again to the kiln. * 

It is someVimes wished to give to glass the appear- 
ance of having bden ground, leaving at the same time 
transparent line*’ or patterns upon its surface, the effect 
of which is ver/ pleasing to the eye. In preparing for 
the production of this appearand;, the,artist uses a large 
camel-hair pencil, the^end of which is dipped into oil 
of amber, so as to take up only ^ small quantity at, any 
one time ; and with tins, bolding the brush ])erpendi- 
cular to the glass, every part of the latter must be dabbed 
so that the surface will be dimmed by* the oil. This 
must not he thicker on one part tlian on «nothef, and 
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should bj no means be appl^d in sufficient quantity to 
givcw it a fluid appearance. Taking then a mixture^ 
composed of one part of ’white oxide of tin, with three 
parts of flux, previously well ground together, this must 
be sifted from a lawn sieve, very gent^ over the glass, 
ilhtil the whole surface is evenly covered. The requisite 
quantity of this powder will adhere slightly to^he glass 
through the means of the oil; anfl when, in the course 
of six or eight hours, this has become sufl!ciently tlry, 
the superfluous powder must be lightly removed with a 
soft brush made of badger’s hair. The appearance of • 
the glass •will now perfectly resemble that which has 
been ground. 

In order to produce lines or patterns upon its surface, 
that shall have the usual* polish tind transparent quality * 
of glass, a pattern must be drawn u]yn paper, having 
its line^ lufficiently • strong to ‘be visible* through the 
powder; and this being fixed upon the reverse side, the 
artist with a blunt wooden implement *scrapqs off the 
composition ip lines accorfiant wifli those of the pdttegi. 
The ^late of glass having then been subjected to burning 
in the kiln, it will.be found that the powder has been • 
partially* melted by the heat, and is soifirmly united to 
the glass, that its removal would fie extremely difficidt. 

It nqjv remains to describe the ^particular apparatus 
and process used for burning-in tlie colours which have 
bee\| applied to tlie surtice of the glajsff . The size ’of 
the kiln is o^ course dependent on the magnitude and 
number of the pieces of glass upon whidi it may be 
desired to operate at any one time', p, woidd be unwise 
to construct one of larger dimensions than are likely to 
be needed in use, as the due heating of the glass is more 
difficult and cxpei\sive, ki proportion as the relative size 
of the furnace is increased. , 

T^e glass is placed during the firing in a close iron 
box or oven, which is called -.a muffle, and which is pro* 
vided with horizontal iron shelves placed at regular dis- 
tances apart, 'dhereon the plates are deposited. The 

relative size^^of the muffle and furnace are such, that a 

• « 
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space •not less than four inthes remains between the two 
on every side, by which means the fire may he made 
wholly to envelope tlie muffle.* This receptacle is pro- 
vided with a tube proceeding from its front, and narrow- 
ing toivards its extremity, without-side tlie furnace wall, 
tlve use of which tube is to examine the state of the glafes 
from time to time during tlie process of firing. The 
iron plates for supporting and separating the glass, and 
whiuh are fflted to the shape of the muffle, are kept at 
their proper 'distances, usually about ohe* inch asunder, 
by legs of tlui* requisite length placed at tlieir four cor- 
ners. The shape of the muffle is usually ^^der at the 
top than at the bottom, so that pieces of various dimen- 
sions may l)e contained in its different compartments. 
Xhe number of tlrtrse hoars reYerence to the size of the 
af)paratus, some «§mall muffles having no more than five 
or six, whilQ others of greater diraeusions arc , provided 
with double that number of shelves. 

If thc^plates/)f glass were placed in immediate contact 
with tilie iron shelves Avithin the muffle, th^ metal would 
have an injuripus effect upon some colours. iron 

ifi, besides, liable to be war])ed; and„.wben the glass Avas 
brought into a softened state by heat, would comhiunieate 
its own distorted shrfj)e.“ Another and a greater cauI 
than cA'en these would arise Irom the teo sutUJen vari- 
ations*^ of temperature wdiereunto the glass v/ould be 
subjected, owiT^ to the strong conducting power ofi the 
iron, an<l which >voukl imminently cndarfger tlie crack- 
ing of the gluss. *• 

A perfect* remeXjy f^r all dies? evils is found in pre- 
viously prejiaring m smooth and even bed for tlie glass, 
by sifting jioundcd Avhiling to the depth of a qukrter or 
three eighths of an inch over die endre surface of the 
iron shelves. Upon this bed the glass must he depo- 
sited with every possible care, so as to avoid ru|;ibing 
•the colours. 

If more than one piece is committed to eacii shelf, they 
mufet on no account be brought into contact, nor must 
they be allowed to touch or even to. approach within half 
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an inch of the side of the imiile. When, after proceeding 
in tjis manner, the muffle dias been filled, or all the glass 
that is ready for burning has been deposited, the cover 
roust be put ori*to the muffle, and the fire H^hted. It is 
usual to einploy coke and charcoal as fuerfor burning glass, 
both because they afford, a steadier and more efieetive 
heat than coal, and because the sulphur which 4he latter 
so commonly contains roiglit have^an evil effect upon the 
colours, • • 

The proper'mAmagement of the fire in Respect to the 
degrees of heat employed, is a* thing whfcb must be ac- » 
quircd thaough practice, it being impossible to give any 
written difections concerning it that will be efficacious. 
It may, however, be stated, cjenerally, that caution is 
necessary in the first stage of heating, so as to avoid al) < 
Suddenly great accessions of temperatujie ; but that when, 
i)ii inspection, the jjhuss placed in the centre, of the muffle 
is seen to have acquired a (lull red heat, the fire may be 
urged with safety, so that4the whole cor^ents of the kiln 
may be mtMe to acquire an uniform white heai. Mlmn 
this ('ffect has once been produced, no more firing is 
requisite ; the fuel which is already in the furnace mi^t 
be allowed to burn itself out ; and th^ kiln remaining 
thereafter closed, must be left to* cool gradually during 
ten or twelve hours, before it is atte»npted to remove the 
glass : ai the end of this time it may be coiibidereJl pro- 
per]^ annealed. ^ ' * * 

The proecsi} of the second or third firing is conducted 
ill jijreciscly a similar manner in all /csfects. 

The same powdered jivhiting whiclHins alicady served 
may be used again for an indefinit(? lumber of times, 
iiponh#ing ground and sifted as for its«first application. ; 

Sueeimeiis of ancitMiW stained glass have been occa- 
sionally found, on parts of which the colours retain their 
. full brilliancy, while on other ])ortioiis they appear to be 
whofly obliterated ; a Virciim stance wliich has excited 
some surprise ; and no litdc ingenuity has been showm 
in the formation of theories to account for tliis partial 
disappearance of colours. There is reason^ to believe. 
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howe^er^, that no decay haa*rea]]y ensued^ but that, while 
some of the colours have been produced upon ^ese 
specimens by processes similar* to the foregoing descrip- 
tion, other pieces of glass already stained in the manner 
of pot metal have been applied to uncoloured ^arts,and 
ni|tde to adhere by the interposition of some fluxix^ 
material,,^ which, being softer than ifae glass, has been 
decomposed in the course of tir^ and tliese adjunctive 
pieces have fallen away. 
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CHAP. XV. 

» * • • 

ON THE ART OF CUTTING, ENGRAVING, AND ETCHING 
^ 'on GLASS. • 

ORIGIN or THE ART OP CUTTING GLASS. ~ IMPLEMENTS. — MAN- 
NER OF THEIR EMPLOYMENT. FROSTING. AtPERNS VrO- 

Dl'CEn HV MOltt-ihNG. — ENGRAVING ON GLAI^‘. EXECUTED 

M'lTH THF DIAMOND. ETCHING.’— SCHWANIi^RD. DlFFKR- 

ENfl- OFjHLS PRACTICE FROM TIPAT NOW USED. METHOD OP 

inCHlNG., — FLUORIC ACID. GLASS INCRUSTATIONS.— ORIGIN 

or THF- ART. — IMPROVEMENTS THEREON. 

The art of cutting glass Is a*Aiuclf more modern in* 
volition than that of painting and staling it, which has 
4)eeri defVLjnbed in the* preceding chapter. * 

It is generally believed, that Caspar Lehmann, origin- 
ally a cutter of iron and b%eel in the service o^ the em- 
peror Kudo'lp^us II., was the first’ person who atteftiptjd 
this ^mode of embellishing the material.^ It was about 
the year iGOf), wlnyi, having procured from the^ emperor 
an excldsive patent for using the art, t#gether with the 
appointment of lapidary and glaSs-cutter to the court, 
Lehman*! prosecuted his invention With much success in 
the city iff Prague. 

Jic'fore that time, many artists had efi^aved figures 
upon glass, hf means of the diamond^ and their labours 
were greatly admired. Some glaziersTiaS alSo iliscovered 
a mode of cutting glass by the ^plbymeiit of emery 
powder, and sharp-pointed instrumeiats of hardened 
steel, s/k well as with heated irons ; bift these methods 
were greatly different in the manner of their performance, 
well as inferior in their effect, \o Lehmann's process, 

' by wjiich they were consequently, for the most part, 
superseded. It was, however, veVy long after the period 
already mentioned, that the art attained to any thing 
like the degree df perfection which it now exhibits. 

At the en4 of the seventeenth century, gl^s-cutting 
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was pi^secuted to a great extent^ and in a very improved 
stylCj at Nuremberg ; the artists of that place having 
much simplified the tools employed^ as well as the me- 
thods used for their employment, * * 

In the present advanced state of the art, Ihe glass 
utensils and ornaments which contribute so greatly to thf. 
embellislvnent of our tables and salons, owe much of 
their richness and briltiancy to the elaborate manner in 
which they are cut. This mode of ornamenting glass, 
although it d6es not indeed ofier any iidld* for exercising 
^ the higher faculties of genius and invention, yet calls for 
a considerable degree of taste in the arrang2ment of 
forms and figures. ' • 

The implements employed by the glass-cutter, al- 
though, owing to the great vaiiety of the work which 
he has to execute-*, they are of necessity numerous, yet 
partake of tl^e simplicity observable tliroughcydt the va-v 
rious processes of the manufacture. 


Fis. S6. 



In some principal establishments, steam power is used 
for giving motion to a shaft whi:h causes the revolution 
of numerous lirge wheels or drums fixed thereon, and 
each of these being connected by a bapd with a pulley 
on the ax] 2 of a smaller wheel, occasions the latter to 
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revolve \vith great celerity : ‘these small wheels afe the 
cutting instruments. The occupation is frequently car- 
ried on in the ^apartment of an individual workman, 
and in tlys case, only one large wheej, similarly con- 
nected with the axle .of one of smaller diameter is 
ttfrned by means of a tvinch, a hoy being employed ft)r 
the purpose. In all other respects the process "is iden- 
tical, whether prosecuted in the atlic of the artisan^ or 
in the spacious factory of the manufacture^. 

The small wrfcels arc so ayanged, tl^t each can be 
unfixed without difficulty, and, another substituted of a 
forq^ hettef suited to the work in hapd, or of a material 
more adapted to the stage of the process. 

As regards their forms^ these cutting wheels are either 
narrow or broad — flat-edged — mitre-Sdged, that is, with 
two faces forming a sharp angle at theil* point of meet- 
ihg — coy vex — or coil cave.. In fact, so vatious Jtre the 
wants of the workman, that as many as forty 
w'hcels havjng ditterently ^aped edges, 'are to J)e fonnd 
in the workshop. * ’ • * ♦ 

Tbe materials cmidoyed in the forn^tion ^f t^se 
cutting implements arc, iron, both cast and wrought^ 
Yorkshire stone ; and willow wood. Wrought iron is, 
indeed, only used for cutters of the narrow^est dimen- 
sionSj aad whith it would therefore not be })Ossi];)le to 
make sufficiently tough cast metal. Iron wdieels^re 
usedionly for the first or roughest part of the* operation, 
ami their emptoyment is even dispenscj^^with altogether, 
whete it is intended that the pattern shall he at all mi- 
nute ; as the metal and the sand* which ifiust be used 
in conjunction with it, would act too rdUghly, and fre- 
quently* chip away portions of the glass? For such mi- 
nute wrorks, and for sinofi^hing down the asperities which 
will always be occasioned where iron cutters have been 
* api)lii|d,awheel of Yorksjfiirc stone, moistened with water, 
must be used. The further, smoothing ind subsequent 
polishing of» the cut surfaces are eflfected with wooden 
wheels : for the^first of tliese objects, the edge is dressed 
with eidier pmmice stone or rotten stone ; and for^iin- 
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parting the high degree of polish that is requisite for 
properly finishing the process, putty-powder ' is em- 
ployed. 

Beneath each one of the cutting whAls, a small cis- 
tern is fixed* to rtceive the sand, water, or powder wdiich 
has been used ; and over the wheel; a small keg or a conical 
vessel is^ placed, the cock or openinj^ at the bottom of 
which is so situated Mid regulated, as that the requisite 
quantity of anoisture will be imparted from it to the 
wheel. The*‘vessel wliich is placed ovi*r<the iron wheel 
is furnished ,\v^th fine s&nd, and into this W'ater is ad- 
mitted in such quantity as wdll ensure tha- constant 
delivery of the moistened sand upon the face of ^he 
wheel in such proportion as the 'workman finds most 
desirable. The ouiery. powden rotten-stone, or putty 
powder, are applied from time to time as required by 
the workman, on Ihc edge of the smoothing ot» polishing 
wheel. 

Froiii this short description of the implements, the 
manner qf their cmp*0)ment wdll be readily compre- 
hended. The glass-cutter seats himself on a stool in 
frorct of file wTieel ; an<l taking in his hand the glass to 
be ornamented, applies this to the face of the cutter, the 
correctness of liis eyo and the steadiness of his hand 
being called into requisition, in the successive applica- 
tions to the wheel, of those ]>arts of the glass tl^at are to 
bc?« iut. PJace^ at hia right Ifend each w'orkman has a 
small tub contain iiig water, wherewith from time^ to 
time he washes ’^vay the particles of sand or po\ydcr 
which may /idher® to* the glass, jhat he may the better 
judge as to the progress of his work. 

It may readily lie supposed that, in conduating a 
process of this nature, wdth so exceedingly brittle a sub- 
stance, accidents will often occur through the breaking 
of the material. The* frequency of these casualties will 
of course depepd, in a great mei/sure, upon the orl^ginal 
quality of the material ; and tliis forms one^ reason why 
the best description of glass is generally chosen for the 
purpose of^'being cut. ^ f 
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In fitting up the machinery^ it is plain that the fltmost 
accuracy must be exercised. If the cutting- wheels were 
allowed to turi^upon their centres with the smallest de- 
gree of e^icentricityy it w'ouhl be quite irapci«5sible for the 
mierator to proceed with any regularity in his work, or 
TO j)roduce a satisf|Ctofy effect. • 

The wages of glass-cutters, in common w^th those 
of men employed in the different inanufacturing processes 
of a glass-liousc, are paid according to th^** work which 
they deliver in*a finished and pty foct state^ so that if any 
accident should occur to the glass while iit their hands, ^ 
as ^ freqi^ently the case, the workman cannot claim any 
payment for the labour which they may already have 
bestowed upon it. Evt^y man who follows the oc- 
cupation of a glass-cutter citpable* of executing each ^ 
part of the process, although some will* succeed better in 
hue braw3i than in’ others^ In large establishments 
there is generally such a choice of work, that tm^ry 
workman Ijas the opi)ortinfity of providing hiipself with 
employment in that branch whicn he prefers^; iTcsi^es 
this., two or more men, forming a sort'* 4 )f* pajj^tner^iip, 
will frequently undertake w^oik in conjunction, each •£ 
them performing that branch of the |irocess which lie 
feels him.self qualified to execute with the greatest success, 
by whioh divi^on of labour the whSle work is inoje ex- 
peditiously and probably also more satisfactorily per- 
formed. ' 

The griiidifig of glass, or frosting order to lessen 
its •transparency, forms a branch of the *gl ass- cutter’s 
art. The objects to tchich, in *the presc^it day, this 
grinding process is most commonly applied, are shades 
for softening the light diffused by tabic? lamps. As the 
roughness is given to tPfe inner surface of these glasses, 
is plain that they cannot be a 4 )plied to the cutting- 
whec^ for the purpose. , Instead of this, the shades are, 
therefore, fixed* in a latlie, aud the workftian, holding in 
his hand a piece of wood which he covers with wet sand, 
causes this to rub wuth the necessary degj^ of force 

• ^ o 
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jagainst tlie inner surface* during the rapid revolutions 
of the glass. • i 

The amount and description of labour bestowed upon 
articles which pass tlirough the glasLcutter's hands^ 
must necessarily enhance their money value^ and tliere- 
fqre circumscribe their use. Nor is there much reason 
to lookrfor the discovery of any iifiprovements in tlie 
processes whereby that labour can be so abridged as that 
tbe» manufacture will be brought within the reach of a 
larger numfier of consumers. Undc'> ‘‘this view, any 
method of QTA’amenting'^lass which can he offered as a 
tolerable substitute for cutting it, is likely to be'favourably 
received by the public. 

Such an invention has recently been made the subject 
pf a patent, under which glas^s vessels, having a great 
variety of shape^, arc formed with ornamental figured 
patterns irapTessed upon them. ^ ^ 

,The method of produciffg these patterns is sufficiently 
simple, and co'nsists in placing a quantity of melted 
glass wittin a metallic mould of the required form, in 
tlife lower division of which the desired pattern is en- 
grafted; '‘and' in tlien bringing down the upper section of 
the mould, anil^ pressing the melted glass bettVeen the 
two. The only skill required for the operation is that of 
apportioning rightly the quantity of melted glaps which 
is required for exactly rilling the mould, so a”, to take 
afallthful imprOjsiop. of the en^aved pattern. Thcistwo 
pairts of the mould are connected togethef by means of 
a liinge, an(h the lifiper portion is provided with a long 
handle, whi^h actl^ as u lever for»imparting the requisite 
pressure. The»‘o\^er section is composed of two pieces, 
whidx being opened, the glass may be removed ffhm the 
mould almost at the moment of^its formation. 

Intended as a .substitute for cutting, this art mUiit 
certainly be considered inferior. The patterns imparted 
by the mould r,re deficient in the degr^ of sharpness 
whidi is imparted by the wheel. On the .other hand, 
a description of ornament may be thus 'adopted, which 
is otherwise unattainable; the figures m«^y be ’either 
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raised or depressed, and patterns the most minute aqd 
intricate may be produced. Armorial bearings, in par- 
ticular, may thus be represented, in a manner far superior 
to any engraving, pot only as the glass will every where 
retain its polish, but also because figures may be given 
4 n relief. Between the cost of the two processes tj^ere 
cannot be any codiparison. • 

Many specimens are preserveddn collections of ancient 
glass which are ornamented with raised figures. These 
have been mdsti probably produced by pressure within a 
mould while yet softened by heat, such*a»practice being 
one of great antiquity. Engraved figures were likewise 
executed" upon hoUoiv vessels by the old Greek artists ; 
and that celebrated engraver on stones, Lawrence Natter, 
affirms, in his Treatise an the? Antique, when compaijp^ 
with the Modern Method of Engraving on Precious 
» Stones^’**tbat the^ same kind of instrumqpts were used 
for the production of these feliques of antiquity, agjvere 
employed for the sarae«purpose at tl^e time when he 
wrote. He considers that the 'old artists undoubtedly 
used a wlieel, which moved in a hosizontal direftion 
above the table at^ w'hich they wrought ; and fliis offimon . 
is in ^agreement with a passage in fliny (Hist. Nat. 
lib. XKXvi. cap. 26’,): — " Alfud fiatu figuratur, aliud 
torno ^ teritui^ aliud argenti moth) calatur.” On the 
other hand, to agree with Natter would be to Meprive 
Lehmann of his reputaftion as an inveutor,^ although he 
may still bi^entitled to the honour of having revived an 
ast which hati become obsolete ; arfcf fhisf in the opinion 
of the learned antiquarian Caylus,* himself the re-in- 
ventor of a sister art, is the amount of merit whereto 
. Lehmann may justly lay claim. • 

In the middle of* the sixteenth century, when glasses 
^manufactured in the Venetian states enjoyed the highest 
reputation* throughout Europe, *it was common to find 
thAc ornamented hy*engrjavings execu|ed with the dia- 
mond. More than an huiidr^ years had elapsed fh>m 
that period, ^hen Henry Schwanhard, a pupil of Leh- 
malln, waq^ incited by the accidental circumstance of the 
4 • 
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cprrosion of his spectacle glaVis, to a method of etching on 
glass by means of some powerful acid liquor. His 
manner of preparing this liquor was kept secret by him; 
and as no fluids save fluoric acid, with wfiich we are ac- 
quainted, has the property of acting upon the surface of 
gla^s, while the discovery of this powerful inenstruunf 
W’as not beought before the world prior* to the publication 
of Scheele’s experiments in 1771, it is much to be re- 
gretted that the secret of Schwanhard was suffered to go 
with him to the grave.** f* * 

, The method ’pursued by this artist in the application 
of his discovery was different to that which is ^)ractised 
at present. This isj to coat over the entire surface of 
the glass with varnish, and, through this coating, to 
»trpce out the intendul figures,«-ldaving the glass exposed 
to the action of tlie acid only in those parts which are 
to be Qccupigfl by the figures. Schwanhard', ,on the • 
conyary, first traced the figures, and, having filled the 
outline the glass with varn»jsh, applied his corrosive 
fluid to* th<i remainder of the surface. By tins means 
the* figures w'ero^deft in relief, and with tlieir original 
.police, thd^ effect of which w'a.s pleasing, and totally dis- 
similar to the app<jarance of engravings with the diamond, 
which latter circumstaircC it probably w^as that incited 
the artist to the adoption of his peculiar xncthoti,. since 
his productions would, b) that means, be more ♦readily 
distinguished from the works of * others. 

The varnisli employed by artists for defending, where 
it is requisite, ‘fiie’sutface of the glass from the corroding 
power of the acid, is usually either«a solution of isinglass 
in water^ or common turpentine varnish mixed with a 
small proportion of white lead. 

By the aid of a very few fmplo^ients. the art of etch- 
ing on glass may be rendered a pleasing occupation for 
amateurs. Good crown-glass is the most proper descrip- 
tion to be chosen for this purpose. Having selected a 
square pane of the proper size, this should be first heated 
by immersion in a sand-bath, and then ruboed over with 
purified bees*'-wax, the temperature of the glass bBug 
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such as to cause the wax td melt completely and uni*, 
formly over its surface. The pane, thus covered, must 
then be set aside to cool ;• and it is important to observe, 
that cve^ part of .its face must he protected by this 
coating of wax ; which, however, need not be thick, 
aftid indeed should not l>e applied in sufficient quantity 
to render the glass^opaque. • 

A paper having the design boliHy drawn upon it, may 
then be attached to the unwaxed under-side^f the gftiss ; 
and this drawlnf^ A^ill greatly asSist the artist in per- 
forming the next process, that of tracing the design • 
through the wax. 'J'he best kind of tool for executing 
this o})cralion is a carpenter s brad-awl, which, as it is 
flattened at the end in one direction, and rounded in 
another, may, accordinpf to tl^ poskion wherein it is • 
held, be easily made to trace lines Iny^ing the requisite 
and diffqrdnt degrees -of fineness.* The point of « pen- 
knift^ or any similar implement, may be used as *'ab- 
stitutc for the brad-awl, Jind with almost equ^Keflicacy. 

In tracing* these lines, tl/t artist* must be miiidfttl that 
his instrument lays bare the surface of lii^ glas^throuSi- 
out the whole extent of the strokes. ^ 

A slAllow evaporating basin of ^Yedgewood ware 
must next be employed. Its sf/c^ should be such as w^ill 
include,v\ithin»its area every part of^ the design ; and it 
inu*?t at die same time be sufficiently small to be* com- 
pletely covered when th? pane of glass* is^ made to*rfest 
upon its edget Some coarsely powde^d fluor spar must 
thcH be placed in the basin, together with*a quantity of 
strong sulphuric acid, •sufficient to fdrm with it a thin 
paste, when the two substances must betvell m^xed toge- 
ther by stirring them. The quantity of fluor spar must 
of course be regul|ite(f lly the size of the etching ; and 
it* may be a sufficient guide on ^ that head, to recom- 
mend that two ounces of the coarse powder be used 
when the basin is cap^le of contain ing» a pint ; these 
basins are readily procurable from any respectable dealer 
ill earthenware? ^ 

As^soon the acid and fluor spar are properly in- 
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^orpwated together, the pkne of glass should be placed 
upon the basin, with the waxed side downwards, and a 
moderate degree of heat must-be applied to the bottom 
of the basin : somewhere between 1,20 and 140 degrees 
of Fahrenheit’s scale will be found most eligible, Per- 
hq^Ds the best means of providing a steady heat for this 
purpose AS offered by tlic sand-bath, Vhich was used for 
heating the glass befwe applying the wax. On this sub- 
sequent occtision, however, the temperature must never 
be sufficiently high to melt the wax, t# h'ich in that case 
would run oreV the glass, and wholly destroy the effect 
of the etching. 

Very soon after this application of heat, fumes of 
fluoric acid will arise copiously from the basin, and at- 
tack the unprotected portions bf the glass. When the 
basin and its coi^tents are once thoroughly warmed, the 
heat of the sand-bath may be advantageously diminished. 

^fter the glass has been thus exposed during half an 
hour, ft’may bq removed from the basin ; and first being 
rinsed in.w^ater, for the purpose of diluting or washing 
aiftiy the ffuork-'acid, the wax may be scraped off with 
^ cbinmon table-knife ; the design will then be found 
perfectly etched, upon the surface of tlie glass. '■ 

A metallic basin will’ answer perfectly for generating 
the fluoric acid ; bi«t it will be altogetlier imp,t:>per to 
use any glazed vessels for the purpose, as the vitreous 
cofa^ng of such«w'0u!d be entirely destroyed. i 

In performing tliis process, it is necessavy to use some 
caution; as fluoric i&tcid, if brought into contact withithe 
skin, will quickly* disorganise iu and produce wounds 
which may be .jiainful and troublesome; a very little 
carefulness will^ however, suffice for preventing any 
accident of this nature. 

4Vhen it is required thus to engrave otlier than plane 
surfaces, another arrangement must be piuvided the 
glass must be ^exposed ' to tlie fumes of fluoric acid in 
some deep vessel ; without, however, bc4n^ suffered to 
come in contact with the pasty compound whence the 
acid fumes Wise, and the whole should be ^overe(f ' over. 
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to confine and retain those fumes^ so that they may fully 
act upon the glass. 

Articles made of flint glass are sometimes very taste, 
fully ornamented,, by enclosing within tj^eir substance 
various objects formed out of bodies which, being less 
*^usible tlian glass, will not be altered in their forin or 
nature by the h&t contained in this at the moment of 
tlieir introduction. * 

The art was first attempted about fift^ years ago, by 
a glass manufacturer in Bohemii, who sought to incrust 
small figures made with a {greyish kin^l*of clay. Hi* 
success this attempt was but moderate ; the material 
of which* he made choice for his figures, expanded and 
contracted very unequally with the surrounding glass, 
and their adhesion to if was ocfUseqfiently imperfect. . * 

The successful accomplishment ^ this pleasing art 
*has long^been a fjvourite object' with the*French manu. 
facKirers, vrho have been unsparing of expense in .their 
efforts for its perfection? For a long tim^ however, 
their succc8| was small, ^nd th^ sp^mens protlficed by 
tliern tvere so costly, that hut little wijoura^emenrwas 
offered on the part of purchasers. The subject dP jjiat* 
time principally chosen for the exercise of this art, was ^ 
a medallion of Napoleon, wffo?e courtiers eyinced the 
desire^ of po<»sessing his likeness •in this imperishable 
form, js being emblematic of tlieir own unalterable at- 
ta^liment ! Improvements have since beemmade ijy'the 
French artisJts, which have enabled J^hem to reduce the 
cost of these incrustations within more moderate bounds ; 
but their manufacturers have Mthefto mc»tly restricted 
themselves to the ornamenting in lhi« maff«^cr of scent 
bottled and trinkets. * 

A few years ago oribof the most considerable London 
glass manufacturers discovered tjie means of attaining to 
a hjgher degree of success, and is now enabled thus to 
ornament, in a very tasteful nianner, various objects of 
considerable size ; employing for the purpose substances 
whose property it is to expand and contract equally with 
glas^ upon exposure to altered temperatures. This in- 
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terestiTig art can by tins tnbans bo applied to represent 
ornaments of almost every description. The appeara^.ice 
most usually given to them is that of silv;»r ; but as the 
metallic oxi<lps may be employed for colouring ^the sub- 
stances previous to their incrustation, every variety of 
huqt that can be used in enamel painting may also hb’ 
imparted.*' 
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^ ON TOE DEVITRIFICATION OF GL*ASS 

I^IRST OBSERVED BY NEUMANN. EXPERIMENTS OF REAUMUflU 

tt > 

SUBSTANCE KNOWN Ah* REAUXIUR S PORCELAIN. INAFPUO^ 

PRIATFNFSS OF THIS NAME. USESW'O WIIK’H THE SUBSTANCE 

AlAY JIF. APPLIED. f'OAIMO.V BOT3LE CLASS A\pST PROPJVl FOR 

Tins CONVKK.yO^. MFTUOD OI e^kicting PHE CHA NGK. 

PROmT('tn BY HEAT. 'iXPERlMENT^ OF DR. LEM'IS. 

RFVITKIFCATIOV. EX VERIME J-'I S OF SIR .AvMES HALL. * 

PROPOSE SUGGESTED THEUEBY. OBSERVATIONS OF CUYTON- 

MORVFaIj. ARTll’IClAL INTAC’.LIOS. MOCK ONYXES. 

POWER OF DEVITRIFIFJ> GLASS TO REAR SUDDEN CHANGES OF 

TEMPERATURE. KXPl 'iIMFNTS ,WIT1^ COLOURED GLASS. ^ 

C'.LASS DFVITRIFIF.D BY BUU^MNC!? LAVA. THE PROCESS Plft)- 

MOTFT) BY MILTIPLY'ING THE INGREDlEh/s OF GLASS, DEVI- 

^ TK1FIE]|>*GLASS CONDUCTS HEAT MORE PERFFCSLY TH.'*N WHEN 

VUTREOrs BK'OMES A CONDUCTOR OF ELECTRICITY.— RET ^NS 

THIS PROPEUTY WHEN REVIg’UlFIED. ^ ^ 

« J • 

It was observed very long since by Nejyjuaann. that ^mc 
kin As of glass, if expo.sed during any tbi/sidA-abl^ime 
to a high degree of heat, hut below their point of fusRn, 
are so far changed in their pr»p^rties*and texture as to 
become opaque, fibrous, and tougji ; and so hard as to 
give dhpndant sparks if struck with steel, to cut any 
common glass readily, und to be scarcjdy ^sceptible of 
abi^sion by l^hng. J t has also been found, ^hat in taking 
th^s form glass so far alters its nsItiPre^s regards its 
qualities of expansion and conduc/in^of he^t, that it wiU 
bear a sudden transference from freesiin^ to Idling water. 

That indefatigable naturalist, M. Rcyiumu^ made va- 
rious experiments aml^ observations on this phenome- 
non ; and, in the year 17^9, communicated the rqpult 
of these to the Royal Academy ofSciences in Paris. The 
subjtct becoming by oliis means more generally known, 
glass, when thus converted,’ obtained, and has since kept 
the name, of Reaumur s porcelain; a designation which 
it ovies to its appearance rather than to it^eal proper- 
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tieS; which do not at all eiltitle it to be classed with 
porcelain. It is probably owing to the inappropriate 
name which the substance thus ‘acquired,^ that so little 
has been donq towards a true developcment of the facts 
and circumstances attendant upon the devitrification of 
glasy. Even the greater number of such scientific men* 
as for a tiixe entered upon the investigation^ limited their 
labours to experiments with various cementing substances, 
that they might arrive at the discovery of that one w'hich 
would ensure tlie concui*rcnce of the gref tht number of 
good qualities tliat should be found in porcelain. The 
futility of these experiments has since been rnade’evident ; 
and it must be regretted that the same amount of re- 
search as was thus unprofitably bestowed, has not been 
'given to elucidate tCie actual properties of devitrified 
glass, and to reiidev it practically serviceable to society. 

Reaumur wr.s of opinion that its quality of 'r^esisting ^ 
altemations of temperature, its toughness, as well as the 
power it 'possesses of withstanding the action of acid 
liquids,' rerv^er tnfs^ porcelainoWs glass well qualified for 
the tormation o^jhemical vessels. The same opinion 
has, l^en equally held and declared by other philosophers 
wdio have brought, their minds to the investigation of the 
subject ; ^nd it appears singular that their suggestion 
should not, consequently, have been very gen .jrally reduced 
to practice. This circumstance must further excite sur- 
prise, when it i^ censidered in how many important 
operations of the laboratory such a substitult- for metallic 
vessels would be advantageous. In operating upon ar.y 
practical scale, the diemist is driven, for want of such a 
substitute, p^'^ncr t j the employment of metals which are 
liable to be injuriously acted upon by the matters Under 
process, or is compelled to adopt t essels of platinum, the 
expensiveness of which places them beyond the prudent 
reach of most persons. In one instance, a manufacturer 
of pharmaceutical preparations, who is exceedingly par- 
ticular as to the absolute purity of his productions, has 
recently incurred the expense of constructing a pan of 
unalloyed silver, forty inches in diameter, , wherein to 
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evaporate vegetable extracts," many of which, in-.som# 
degree or other, act upon and are impregnated by copper. 

Could vessels formed of this fibcous glass be adopted 
with safety, th?re would be nothing in their cost, espe- 
cially whin of moderate size, to prevent their general 
adoption. The only* circumstance liitherto assigi^ed 
against this adoption is, that although the inner texture 
of die glass is fine and white, th» surface is coarse and 
of a dirty appearance ; but this must be thfDught a \rery 
insufHcieut cau^eij^for foregoing suCh decid£l advantages 
as are apparently^ offered through its em^oyment. • 

All kinds of glass are not equally qualified to undergo 
this conversion ; with some descriptions, indeed, it will 
not ensue. Not any vitreous compound seems altogether 
proper for it, with the exCeptioftfef common green bottle • 
glavss, and perhaps also the ordinary ^nds of window 
jjlass. • • • • 

TUe method commonly employed for effecting Ae 
change is as follows : — The glass vessel is placed within 
a larger e^then vessel, iip the same i§ pur- 

sued for baking porcelain. The entir^pac^ uno^u- 
pied*by the glass is next filled by pouring 
vessel fifte white sand, or powdered gyj^um, so tliat the 
glass shall not be allowed at point to qpme into 
contact with tli^* earthen case. Th» containing vessel is 
then co^Ted down, securely luted, and the whole is 
plai^d within the furnact. • . * ’ 

It was for tome time generally im^ined^ that in this 
jiro^'ess, which is very similar to that which is known 
to chemists under the* name of ecmftitatioii, the glass 
ow'es the change which it undergoes^ tt sofilr^ chemical 
action «f the gypsum upon its subs tan (t? ; but this has 
been proved erroneous. N It is sliowii by Dr. Lewis, in 
tl>e detail of his various experiments, that not only nmy 
• the nature of die . powder be almost infinitely varied, 
without in die least aKectiug the operation, as far as 
regards the, altered texture of the glass, but that the 
change equally*and identically goes forward in die ab- 
sence mf all jemeuting substance ; a fact wmeh is con- 
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alusivc upon the subject^ arfU 'which proves that whatever 
may be the particular substance employed, whether sand, 
bone^ash, chalk, or gypsum, if acts merely by affording 
mechanical ijid, sustaining the glass, in its proper form 
during the period 'when it is s<)ftened by heat, and 
whfn, if deprived of such support, it w^ould l)e liable tj 
irreparab^ injury in falling together by means of its own 
gravity. 

Ifi the course of experiments, which are detailed by 
him at some length 1>. Lewis placetjtatvcral pieces of 
f. common wino bottles into crucibles, pouring over them 
the requisite quantities of white sand, and plating them 
in a proper furnace, w'hercin they were heated during 
many hours. In order to ascertain the progress of the 
ciiange, pieces w^er(^withd**awii Irom time to time for exa- 
mination. Those pieces which were first taken out, after 
havingibeen during several hours in the furnace^ ^^ut with, 
out being heated to rednesSj^p, exhibited no sort of change 
whatevero In g low red heat* the change -went forward 
very slowky, but*\]till was quite percepti^'; while in 
a strong red hect a])proaching to whiteness, and which 
oilIT'just avoided that degree of iiitenseness w'hich w^ould 
have melted the^ glass, the change went on rapidly, be- 
ginning each surfdcfc^ and spreading towards tlie 
middle ; so that, in two hours, the ^ubstaqi*e had 
assumed throughout the appearance of porcelain* 

’1 he glasc became first of a Viluish colour on the /^ir- 
face, and exiiibited a very sensible diminution of its 
transparency." A^ter this,>^it gradually became white 
and more oj^aque f tht texture no longer continued vi- 
treous, by.^;''Oecaine' fibrous, ^ already described; and 
these fibres were disposed nearly parallel tp each- other, 
and transverse to the thickness the piece. The fibres 
from both surfaces meeting in the middle, formed tlieie 
a kind of partition, in which cavities were occasionally 
perceptible. By degrees this opacity and fibrous change 
were completed, the blue colour disappeared^ and was 
succeeded by, a dull white or dun colour/’ 

* Conuneicium Philofophico4echnieum, p. STO. 
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A^en expomtre to the eabe high degree of h6at wme 
eoi^jtinued after the production of tfaia efibct, the glass 
was seen to undergo a still further change of texture : 
the fibres appeared* to be divided or cut into grains; be- 
ginning/ as before^ at ^e outer ends^ and proceeding on- 
wards towards the mi^Ie, until the entire substanco as- 
sumed a granular tbrm^ mmilar to ordinary porcelain. A 
still further continuance of heat cftusedthe grains^ which 
at first were fine and glossy^ to become enl|Jtged and'duU^ 
and to change *fj^m a compaet^to \ porous^ and at length 
to a friable substance^ resetpbling a shghtly cohering' 
mass of white sand, not easily distipguishable fitun that 
wherein if was embedded. 

If glass, which has been withdrawn from the furnace 
at the time it has assurSed the* fibrfius state, be after.* 
wards subjected to a very strong heat,* it will melt into 
^ semi-^flinsparen^ mass,^ and may be drawn \)ut in 
strings, which on cooling .ire found to have lost thlir 
fibrous quality, and to liate resumed th^j foi^er vitre- 
ous state, ^ein^ no harder than before toe origktal cetqpU 
ation. This fusion of porcelainous g'A^ 4 ;annot, l^ow- 
evei^ be effected, without the application of a degree M)f * 
heat coif^iderably more intensqthan is r'equired for melt- 
ing glass in its more usual form* ; and it is also found 
that 'farther tiie process of cementation ha% been 
^ carried, <the higher must the temperature be raise^ for 
its gision ; so that speciimens which hafe rendered 
granular are^nuch more refractory, f]ian such as are 
simply fibrous. ^ * 

Altiiough, throughout the exp^ments of Dr. Lewis, 
no difference in the actual properties \}fReaifeaur’s por- 
celain followed the employment of different, substances 
for embedding thc^ glas^--^its idtemal colour, hardness, 
texture, and the regular succession of its changes bdiSig 
• the same in ‘all cases ;-^yet considerable difference was 
occasioned in its outward oolour. If charcoal or soot 
had been used, these produced a deep black colour, which 
was not affecteifby long exposure to heating open fur- 
nace. ^ Clay sand which was coloured, communicated 



322 OLA08 JCAM^FAOTUBB. OBAP. XVh 

r 

dr^Tereiit sliades of brown ; Itnd white earths gave eidiar 
grey or brown tinges. The greatest degree of whiteness 
followed upon the use of wMte* sand^ calcined flints^ or 
gypsum ; and the highest state of glossiness or hri^t^ 
ness was caused by the employment of pipe-day. 

In the account published by sir James HaU of h>j 
highly interesting course of experimlmts on the effects 
of compression in modifying the action of heat upon a 
certain class ^^f substances^ incidental mention is made 
of an important drcum%tance connected^With this change 
*in the texture of glass, ^d which serins to point the 
way towards the institudon of a further course^ of useful 
investigations. 

Having placed in the closed end of a porcelain tube a 
' portion of the suhs'cancd which 'he was about to subject 
to the action of heat under pressure, it becan>e necessary 
to introduce likewise within die tube some (^cher sub- 
stance, which could be brought to such a state as would 
oppose an effe^al harrier against the communication of 
the ^principal suosiknee" with the atmosphere. The use 
of ignou? was attempted for this purpose, and 

' each was successively rejected as .inadequate. Among 
these, sir Jaraef, determined upon trying the fiffect of 
pounded (glass ; which, being placed within the tube, 
above ^and nearly in lontact with the principal substance, 
couyi he suhjectetl to such a degree of heat 'is would 
fu^ the glas^ \^hile the closed end of the tube m^gbt 
he sufficiently w^tljdrawn from tlie action the furnace ; 
and when, in' the prosecutibn of the actual experiment, 
this end shtiold come lo he place! in the strongest heat, 
that portic.! of tae tube in which the then compact body 
of glass was contained could he equally removed from 
a temperature which w&uld agafh alter its form. 

The description o:f glass accidentally chosen by i^ir 
James Hall for his experiment^ was that which is best 
of all qualided'for conversipn into Reaumur’s porcelain. 
Having introduced the tube wherein the pounded glass 
was contaip«Hi v^ithin a muffle heated to ,ihe temperature 
of 20® of Wedgwood’s scale, 3677 ° Fahrenheit, he 
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discov^^, that in the space of one mimite it *entemi 
into a state of viscid agf^lutination^ similar to that of 
honey ; and tlj^t when oftly one more minute had elapsed^ 
the entij^e particles were consolidateci^ inta a hrm com-^ 
pact 'mass of Reaumur' s porcelain : during the short 
^riod here mentioned, the heat of the muffle hadd>een 
Uniformly sustained at the same degree. • 

Jf a solid cylinder of glass, hai^ng the same bulk as the 
powder thus placed within the tube, ha<f been exposed 
to the same temperature, it Y<^ifld equally have under- 
gone a change ftom the vitregus to a fiftit)us state ; but 
die time^equired would have amounted to at least an 
hour. 

The result of the discovery thus unexpectedly made 
by sir James Hall, rendere it*probgft>le, that if common* 
green bottle-glass, previously grouni^ to powder, were 
i^ntroduq^d within, appropriate, moulds, and exposed to 
an adequate tem|)€rature, it would speedily and satis- 
factorily be converted intb vessels ofRgftunJfir^s porce- 
lain ; anS ^y this mcdbs, nof offfywouW tlfe Jime 
expended be materially abridged, and*^ju^ economised, 
but*the manufacturer would be relieved from one o^be * 
greatest practical difficulties which has been found to 
attend the conversion, and whicli arises fromsthe tena- 
city wherewith the sand usually Employed is found to 
adhere lb the glass. ^ ^ ^ 

yhis evil is frequently experiences }cr so great a 
degree, that ^le force required for ,|ih#ir separation en- 
dangers the breaking of th^' vessel. Moulds of every 
requisite form might he made wiftiout diffi jftlty, of sub- 
stances sufficiently refractory to remlifl unitr^enced by 
the teftiperature emplpjed for the conversion, and which 
would deliver the«glass* freely upon its completion. 

• M. Guyton- Morveau read, in UilO, before the Fr^ch 
National Institute; a ^per contoining observ^ations with 
a view to explain some phenomena tlilt occur in the 
fabrication <of glass.* In the course of his remarks, this 
celebrated chemist drew the attention of hia auditors to 
^ • • Ann. de Chiitt. toI. btKiii. p. IIS. 

. Y 2 ^ • 
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B6/eral specimens of devitri'iied glass collected ^ him^ 
which had been rendered opaque and fibrous by^e 
long- continued action of heat* in a porcelain furnace. 
Borne of the^e pijeces were converted^ withou| having 
been surrounded by sand or gypsum, or any otbCr ce- 
meteting substance, and yet exhibited the oompletetfc 
change thfbughout tlieir substance. '' 

One of his spedmefis, composed of bottle glass, had 
been exposed,^during tlirec entire days, to tlie heat of 
50 degrees of WedgwoW^ pyrometer, had acquired 
interiorly a rosy^tint, its fracture exhibi ling fibrous lines, 
arranged in the form of stars, and converging towards 
the centre : this glass was sufficiently hard to scratch 
rock crystal. Another specimen of flint glass, which 
‘ had been exposed tluring the same time, in the same 
furnace, exhibited! only the commencement of crystallis- 
ation at its surface; the interior retailing, unaltered, 
ori|;:inal vitreous quality. 

M Gu^on-^orveau likewise exhibited some artificial 
intaerlids. made o?^8bttle glass, %hich had Ijeen first soft- 
ened ana mov'fojJfl in a cupelling-furnace, on an impres- 
sior^ taken with rotten-stone, and subsequently dedtnfied 
in the heat of a porcelain furnace. These specimens were 
sufficiently hard to scratcli rock-crystal ; a quality which 
points^out the fitness of such productions# to be as 
dies /or the preparation of int^ios and cameos;- the im- 
pression whfcli tfiey receive and impart being exceedirgly 
chaste and perfect The same quality suggests the ad- 
vantage diat would probably be found in the employment 
of Reaumi^'s porceijlin in tlie composition of mock 
onyxes ; bht, fof this purpose, the grouud and figures 
must be formed 'of separate layers of difibrenUculoured 
glass, which must be brought together by means of some 
fluxing material, and afterwards devitrified, in order to 
give them the requisite opacity,^ and, in »3me degree, 
also, that hardifess which is^ihe dkdnguidung characte- 
aistic of gems. ^ 

One specimen, also brought forward on the same occa- 
sion by M. Guyton^Morveau, was a segmeett of a globe, 
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compo^d of battle-glas 3 , w&idi had been cut in ibe iom 
of# watch glass, to be used as a capsule, and afterwards 
devitriiSed. Jhis piece* might be suddenly heated red- 
hot, and immediatdy thrown into cold lyater, without 
experiencing ipjury. It might also be kept in heated 
Sulphuric acid, without exhibiting the least coiTOsign or 
Alteration of weight ; two qualities calculatech to render 
its employment eminently advantageous for the purposes 
of chemical analysis. # * * 

The result diderent expiprifbents made to devitiify 
stained glass t^en from chiy*ch windotvs, was likewise 
shown, dh the same occasion, by JU. Guyton-Morveau. 
Of various pieces thus treated, some were coloured red by 
the precipitate of Cassius, and others blue by oxide olf 
cobalt. One of the red specimens Contained lead in 4t^ 
composition ; this, on losing its tran^arent quality, had 
<^come,T>f a spoqgy consistency, and appeared full of 
blebs ,* in the other piece, which was hard crown-glkss, 
the devitrification was se^ to have pursyg d usual and 
regular course, interiorljTfrom the f^osurfiwjesf it had 
accmired a purple tinge, and was so >h]^haidene(f that 
it might be scratched by rock-crystal. The piece^hl*^ • 
had been stained by oxide of cobalt Aliffcred from the 
last in more than one particular.* Its hardness was so 
great, that scarcely could any per«;ptible mark be made 
upon it*by adamantine spar ; its blue colour, which had 
th% appearance of being somewhat weJkeped internally, 
was at the sSme time more intense ^^^e surface, a va- 
riance which might, indeed, be more apparent than real, 
and which probably resulted froift the grea^ opaqueness 
it had acquired at that part ; as althifUgh iiie glass had 
lost all transparency, the devitrificatioif was by no means 
perfect, having proceeded but sf short distance below the 
surface. • 

i^kss has beert cojiverted into Reaumur’s porcelain 
during volcanic eruptions, by being enveloped in burning 
lava. Some specimens of this kind were obtained after 
the destruction of Torre del Greco, in 17^ ; but it is 
somSwhat f^markable, that this^ devitrifying effect has 
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be®ii bymo means tiniformly exhibited under the saine dr- 
Gumstarices since pieces of glass have been found, which^ 
although completely embedded between ti^p opaque vol- 
canic crusts, ypt retain their transparency and vitreous 
qualities. The examination of these particular specimens 
does«not appear to have been carried sufficiently far td 
determine l;he fact; but it is by no means unlikely that 
the varying effect here lioticed may have been owing to 
some (lifferenc^ in their original composition. * 

The greater the nuihbqr of suitable ‘ngredients that 
sft*e employed in i*he composition of glass, tlie more easily 
and promptly does it .become devitrifietl. This circum- 
stance will sufficiently account for the fact of bottle-glass 
being the most suitable of any for conversion into Reau- 
mur’s porcelain, leaving been compounded without 
much attention to vhc purity of its ingredients, this sub- 
stance containi, a great variety pf eaVthy salts in minute 
quantities ; while plate glass, whicli is a much more 
simple bod'ji, aq^^jn the manufacture of which, the puri- 
fied inj^editxts are wrought together in the precise pro- 
portions that arC(,rcquired exactly to saturate each other, 
‘can devitrified only partially, and with great difficulty. 

On the other h^nd, in the same manner as a solution 
compounded of a great variety of saline bodies forms its 
crystalline deposits irf a confused manner, so is '♦■.also 
observed that the fewer the number of ingredient!? which 
are contained, in devitrified glass, the greater is 
degree of regular^,ty .>vhereby its fibrous arrangement is 
attended; and for this reason plate glass, where the 
<lifiicuUy attending its devitrification has been overcome, 
furnishes, if not the most complete, yet certainly the 
most regular and beautiful specimens of Reauhaur’s 
porcelain. " 

It has been observed, that glass, when devitrified, be- 
comes a much more perfect conductor "of heat and elec- 
tricity than it ^as before it- had changed its vitreous 
form. In fact, several pieces of glass, when converted 
into Reaumu^<^ porcelain, could not be made to exhibit 
any sign of electricity by friction. This circumstiince 
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is rendered yet more rema^-kable by the fact^ that ^ifm 
v^ich*, having been once devitrified^ has been made to 
resume vUreous form by fusion^ idthougb it is thereby 
re-inyested with its original density, fracture, and other 
characteristics, yet shows no greater disposition to be>- 
• come electric than it exhibited during its state of^evi* 
«,trification. • 
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Jfb, The devitrificatioiFof, 317. 
l>evltrified glass; uses to whldi 
it inav bi 4 applied, 318. Com- 
mon bottle suited to 

It ; method of etibeting the 
cjpinge, 319. EJcperiments of 


• • 

Xhr. X/ewis, fl20i Rwltrifiati^oia 
3Sl.-Experiittents of 8lr James 
Hall, .322. Glass converted into 
Reaumur’s porcelain, by burning 
lava, .325 , 

Glazes for Mrcelain generally; 
analyirts or that used by the 
French. 67. 

Green, Mr , proprietor of Stangate 
glass-house; his spedhiena of 
good heavy -glas^ 250. 

Guinand, M., his humble origin ; 
•energy of character, 251. Exa- 
mines tcJeig.opcsf and constructs 
others; u^bie to procure glass 
*Of good quality, 252. Is incited 
to examme into tbe causes of in- 
feriority j Ills extraordinary per- 
severance amidst accidents and 
difficulties, 253. His ultimate 
success, 254l Accident leading 
to Anther improvement, 256. Pnx. 
Kocutes his art in Bavaria; re- 
• tur^ home, and further pursues 
his favourite object, 257. •Dies, 


H. • 

Hail, sir Jgroe.% lias experiments on 
. comnrf.'ion i« madifying the 
actffn of he^622 
HanwaL J.4lfa8, his aflbount of 
Chiti^giaUcr it Dre^en, 12, 
Herculaneum, utensils* of glass 
found in the ruins 


J.* 

Jao tcheou, precious jewels of, 113. 
Jaquin, M, his in vemlon of mock- 
pearl, 286. • • 

Jab|)er-ware qf*Wedgwood, 17. 

.• • 

• K, 

• • • 

Kao-lin, analjgiTS of, 109. 

Keyslev|shis description of a mode 
of coimiosing pictures In coloured 
glass, Sg5. 

•Kia-tsing, 117. 

King-te-ching porcelain manufae- . 

tunes of, 109 •• 

Iflaproth, Ins investigations respit- 
ing tbe ca{>ability of dissolving 
* silex in grater, 09, His analysis 
of the specimens of Roman mo. 
saic, 269. H is analysis of ancient 
blue glass, 270. His account of 
aneienf raoaa^s, £84, 

Ku-tong, 119. 
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mhmt. 


I<athe, potter's, description of, 45. 
Lenset), tonnation of ; preparatton 
of the nc'cessary tools, 242. C'hotce 
of glass for, 243, Cinndiiig and 
polish nig, 244. •“ » ‘ 

lioysei, M., his direction for the 
cont>tru('tion of a furnace io the 
manufjk'ture of glass, 152. Jte- 
commend.^ theiiiusc of miniuiu in 
the manufacture of flint glass, 163. 
His reniH* for tho formation c*i' 
(Town.gbbS, IfO. His account of 
the composition of lyjttie glass in 
France, IJH). His adCount of tl»L* 
composition of plate glass at St 
Ocilnnnf UlS, Hia n4cfj>c tor the 
composition of artificial gems, 
220. His experiments on ,the 
a'mcKlc gravity of glass, 2(U. 
Lunette-glasses, manutacture of, 
2.33. 


Lititrc-ware, gold and silver, ^9. 


M. ^ * '' 

Macqiier, his remarks on Reaumur's 
experiments corieerning porce- 
lain, II. Furnree of, 

Manganese, Wack'4ixide*<.:', uwd for, 
clearing glass, 

Mansell, inr llotM‘rt, riotaigfi a mo- > 
nopoly tor mandfactirvig glass in 
^England, 138 

Modeliei^rviuahflcations requisite 
for, 52. 

Morveau, Monsieur Guyton, hu 
experiments cA the sp«*cilie gra- 
vity of meltett glass, 147 Jiis 
observations on the devitriflca- 
tion of glass, 32.3. 

Moulds,* method of making them, 
51. \ 

<1 i», 


N 

I ^ ' K* 

Neri, his recliic for imita4;i/ig the 
garnet, 278. His recipe for white 
, npaquo glass, 281. o 

Neumann, first ol>serves the devu 
triiication of glass, 317. * 

*: Nungi^row, factory, supenerity of 
its porcelain, 56. 


P. 

Pipes, tOliacco, manufseture of pro- 
secuted to a greatrPxtent, des- 
cnpCion of materiill, 99. Boring, 
moulding, polUhuig, baking, 100^ 


Description of the kiln of cru- 
cibles, 102. Manufacture ef, pro- 
sl^ut^ to a great extent i*i 
HqJIand. Originally conveyed 
thither from England, 103. 

Polo, Mareq, his mention of the 
^^lelain manufacture China, 

Porcelain, S. Antiquity of, 5. 

bfe Made in Jaiian at an early period, 

• 7. Oriental |Kircelain common 
in EuroiK‘ in the first century; 
antiquity of the manufacture of 
in Egypt, 8. Probable origin of 
the word, 9. M.'\iiiifacture<( in 
Saxony by Ymnfh de Botticher, 
10. Heaiimns's exiicriments re- 
siMJcting, 1(1. 'Hanway’s account 
ofthut manufactured at, Dresden, 
12. Antiquity of manufacture 
in Staflbnlhlnre, 13. Manufac- 
turer! by the two brothers named 
Eler.s, 14 Manutacture of, Im- 
porlKint to P^ngland, 2(). Manu- 
tai'tiired at loimbeth , Derby, 
21. Shropshire, Vorkshire; at 
the Itoekinghani uorkSf, 22. A 
tax imphsed iqinn stone, bottles, 
2X Rigroifients used in the roa- 
nufacturi* of pottery, C5. The 
ffualitv of clay used in the manu- 
facture of,2fj Steatite n».-.oap«tone 
usimI in the manufacture of, <‘13. 
Kpuma man» uschI 111 its manufac- 
ture, .H. Quality of water used, 
35. The yroi'Vbs of blunging, 3u. 
I*rof,eNS lor preparing fli»' flint, 
37. I'lility and description of 
Brindley’s mill in the prepar- 
ation of, 138. Slip , slii>.kiin, 
Slip-house, 40 J’he process of 
slapjniig in the manu fact uragaf. 
4 1 Method of manufacturing in 
P'rakee not kept so secret as that in 
England, 42. ( alcined tames usioi 
in tho manufacture <*f, 43. The 
earth usetl in Bciim, 44. 'I’he 
formation of utensils in thcma<« 
nufacture of; the proem of 
throwifig, 45. Milled edges , the 
handler, 49, Method of orna- 
menting fiorcelain described, W 
Mefhoti of making oi.- 

Boiled 'blaster used in making 
mouiils, .51. Increasing skill of ar. 
tists, 53. Mould-maker; method 
ofhis working, 53. Method of (feast- 
ing, 54. of imperfect ma- 

terials 'dn J^gland; Nungan'«w 
.factory, 65. Furnace of MM. de 
Montigny and Macqu^r, 58. Ilie 
biscuiuovcn of MVorcester ; Chi- 
nese method of firing, 61. Dura- 
tion of the baking process ; ov®n 
man ; trial pieces, ,63, C^m^* 
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cition of raw glazes ; bad effecCs 
of ttiem, 6£>. Glazes generally, 67. 

9 Infigrior glazes ; low.priced warres, 

70. Regulation of teinperi^ture i 
qualities ot gad porcelain ; stone, 
ware, 7 1 . RaiiiteiJ jvare of Wor- 
ccsteH; of Statforclsh I re ; ol Der- 
by ; of Yorkshire, 7.% MKalhc 
oxides, 76 Addition of fUixi^ bo- 
dies necesaarv, 77. Vehicle 
with the colours, 8fi Pur|»le an% 
violet, SI. Rtti, H‘2 Yellow, 83. 
Blue, 84 Green ; brown ; black, 

85, NN bite, 86 Comfiound coIouib,* 

88 trildmg , liistre.warc , prc- 

f iaratloii ol cmours, 8!» Knanicl- 
ing kilns; trial uiccesOO Gild- » 
ing <' 111(1 burniBhllig, oi AnalyMs 
of thc^lluxes and rcrii>es lor co- 
lours, ItO Method of transferring 
copiH'rfllate designs to iiorcelain, 

96. French method, 97 Manu. 
facture of, in Cliins^ 104 Sup- 
IMised ssUpenority of old China ( 
ware inateriaN cnqiloyed , kao- 
lin , pe-tun-t«e , their prt»para- 
tion, ^O j, (Ills or varnishes, 
their^'ornposition, 107 Hao-che 
b* kao.liii,*ltiS. Aiiflysis 
of kao-lin ; e\tent of factories at 
King-t(; ching , great nunibnr of 
workmnii, lUO I’leparation of 
matetuLs, HO Method c# fa- 
ahioning u^himIs, moulds, IJO 
Division of labour. 111 Defi- 
•ciency of the ( liinesc in the art 
of d«.>l|'n, 1 1 ‘2 Blue first the only 
• colour 1 1 5 Chinese igno- 
rant ot cheitucai hclence, IIT. « 
IJnn.mi , tsou-tclii, 1 16 Kia-tsing 
method of lo|^nifig it, 117 Chi. 

furtiares; passion for old 
jiorcflani,! 18 Kutorig,ll9 Mock 
antuiucn ; reason'* for th#costli- 
#nos.<i of china-ware in Europe, 
lin P(irc(>!#in tower, Ge-ki ; at- 
tempt of the emperor to transfer 
» the manufacture to Pekin, 120. 
Pottery, aiitiijuit) ol, 5 Made in 
England before the irjfasion of 
the Uoimiiis, 6. Antitpiity of in 
China, 7. 

Wedgwood, 27. 

. • 

R. 

Reaumur, ojtp^lWMhts of, concern- 
%ig the manufacture oflt’hina. 10. !■ 

Hts experiments upon the div- , 
triOcatioii of glass, his porcelain, 

817 m 

Rockingham, the, porcelain manu- 
^tory, 22. 


• • 

Rose, Mr. John, his glaze for hard 
porcelain, 67. • 

Kykuixi, boiling fountain at, 29. 


S. 

.• * 

Schwaiihard, Henry, his method of 
etching on glass, 312 

Seggars, profier material! for tlie 
construction of^hem wanting in 
England, 55 Use -if, 56. 

%everufi, Alexander, his tax on 
glas.*s, • • 

Silica, 26 Analysis of, 28 

Sliipjnrig, the process of, 41. Per- 
fonned^y steam power, 42. 

Slip, the mifture used iti porcAain 
manufacture, ‘19. 

Sjiiwna m.iris, its cmplovment in 
porcelain works in Spam, 84. 

Stc.itite, or RoaiMtone, Cornikh, 
analysis of, IXi 

Si. f^ubam, glass manufxmtoryMt, 
l.Jo, Its carl V failure, aiA re»"- 
val, i 77. 

Stone. k>arc, ifs composition, 7l 
Be.^t (lc8ci*i>tion dT it made at 
Lambeth, 72. • 


Taljle.jrare ot WfdgwooS, 16. 
'rerra-cotJd A' Wedgwt^d, 17 , 
Thevart, bis mvcntioii^of plafte 
glass, j J6 

ThcrinGWietcr tubes ; miodc of giv. 
* iiig them an ellmtical fiore, 226. 
Throwing, the proens.s of, 46. 
Tflhs’er.porcelain at Naii.king, 120. 
Tsou-tchi, II6. 

'J'urning.Utlie of the {>ogcr, 47. 


Vasa. Miirrhina, formed out of a 
• transiiarent l!onc, 7 * 

Vase, tortldbd or Barbcrini, 63. 
Farnfer account of, 133. 

4 


W. 

Watch glasses, manufacture 
Lunette glasses, 238. 

Webber ^piodels the Portland or 
Barbenni v.isc, 58 • 

W’edgwood, Josiah, his improve, 
ment lu the manufacture of {lor- 
celain, 1^ His table-ware; 
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queen 'ft.'fure ; tc^A cotta j ba. 
Miltes; white porcelain biscuit; 
bamboo ; jasiicr, 17. His por. 
celaln biscuit used by chemists, 
18. His evidence before a com, 
mittee of the privy council, 19. 


* His pyrometer, 27. His encou- 
ragement to arUsts, 53. His great 
services in the painting of pop. 
celain, 15. 

'White porcelain t^^icuit of Wedg. 
wood, 17. ^ 

I ‘ • 


THE END^ 


LcwpoN : 

“-‘ntpd A, & R. Spottiswoode, 
New-StreeUSquare. 








